BULKY DOCUMENTS

(Exceeds 100 pages)

Filed: 09-09-12

Title: Petiton For Cancellation

Part 4of 6 -Hwex U

1811481




Binder D Contents
Category: General Agencies — Part 2

36. Northeast Energy Efficiency Partnerships Mid-Atlantic Technical Reference Manual
37. Northeast Energy Efficiency Partnerships Model Progressive Building Energy Codes
38. Northeast Energy Efficiency Partnerships Regional EM&V Methods and Savings Assumption
Guidelines

39. Northwest Energy Efficiency Alliance - ENERGY STAR

40. Ohio State University - Achieving Energy Efficiency through Home Energy Audits
41. One Stop Green Home Certification - Green and Energy Star Certification

42. Partnership for Advancing Technology in Housing - Interim Report for Field Evaluation of PATH
Technologies

43. Performance Tested Comfort Systems - Regional Technical Forum

44. Performance Tested Comfort Systems Duct Sealing Certificate & Sealing Form

45. Progress Energy - Home Energy Improvement Program Rebate

46. Ryan Kerr - Green Production Building Moving Ducts Inside

47. Sage Building Solutions Energy Efficiency Through Building Science

48. Santee Cooper - Appendix D

49. Sherlock Homes Inspection - NAHB Green Verification

50. SouthFace Blower Door and Duct Blaster Testing

51. SouthFace Duct and Envelope Tightness Verification

52. Stony Brook - BPI Envelope 5 day training agenda

53. The Resource - Home Energy Check-up

54. The Sustainability Institute - Energy efficiency in historic residences

55. Total Comfort Weatherization - Duct and Air Sealing

56. UC Davis Energy efficiency Center - Are your ducts all in a row

57. University of Georgia - Buying an Energy-Efficient Home

58. University of Texas at Austin - Measuring residential duct efficiency

59. Vandemusser Design - 2009 IECC Incremental Cost Report

60. Weatherization Training Conference - Basic Energy Auditing & House Assessment



9¢



Northeast Energy Efficiency Partnerships

MID-ATLANTIC

TECHNICAL REFERENCE MANUAL
VERSION 2.0

A Project of the Regional Evaluation, Measurement and Verification Forum

July 2011

Prepared by Vermont Energy Investment Corporation (VEIC)

Facilitated and Managed by Northeast Energy Efficiency Partnerships



@ REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 2.0 Page 2 of 204
Table of Contents

PREFACE 4
The Regional EMEY FOrUM ...ttt ssr e e e 4
ACKNOWLEAZEMENES ...ttt enene s 4
Subcommittee for the Mid-Atlantic TRM .........ccccccoeeieevercerceiiccceec s 4
INTRODUCTION 6
CONEEXL.......oeieeeirieeeec ettt ettt bbbt s s s s e s bt sessese s nons 7
APDPFOACKN ...ttt ettt st 8
Task 1: Prioritization/Measure Selection. ..............c.ccccoooeviieiinicceeeee. 8
Task 2: Development of Deemed Impacts...............ccooeeeierieeciiieeceeeee 9
Task 3: Development of Recommendations for Update.............................. 10
Task 4: Delivery of Draft and Final Product. ..............cccccoovvvveemeeeeene. 11
USE Of the TRM ...ttt ettt oo eeas 11
TRM Update HiStOry...........ccooirniiiiccecetceee sttt en 14
RESIDENTIAL MARKET SECTOR 15
LIGREING ENA USE........cooouoeieririeieeieeeeereteresetevese et veneseves e nes e 15
CFL Screw base, Retail - Residential ................cccooveeeeoeoeeeeeeeeeeeeeeeeernn 15
Hardwired CFL Fixtures (INterior)...............cooooveiirviieneeeceese e 20
Hardwired CFL Fixtures (EXterior).............cccooovvrueieieemeiceeeeceeeeeeeeeeseeeeene 25
Solid State Lighting (LED) Recessed Downlight Lamp...............ccccccooeenn....... 30
Refrigeration ENA USE ... vesseeesesssesesessssssens 33
REFIIGEIALON ...ttt ettt r e s eenans 33
Refrigerator Early Retirement....................cooooovoiiiiioiceeeeeeeeeeeeeee e 36
Heating Ventilation and Air Conditioning (HVAC) End Use.............coeeveren..... 39
Central Furnace Efficient Fan MOOr .............co.ooiieieveviiereeeeeee e eeeee oo 39
WINAOW AJC ...ttt s s s 42
ENERGY STAR CeNtral A/C ...t ee e e ean 45
DUCE SEALING........occiiriieeceetcee ettt e e 48
Air SOUrce Heat PUMP............c.oooiimiieeeceeceee et ees e 59
HE Gas BOIler ..ottt es e 63
Condensing FUrNACE (BAS)...........ouvviueuieieiiieeeeeeee e eeee e eeesesesesesesse e senas 65
Programmable Thermostat..................cccoviveeeneeeeeeeeeeeeeeeees e ee s 67
Room Air Conditioner Early Replacement.................c.cccooveveneeererererennnn. 69
Room Air Conditioner Early Retirement / Recycling ............cccoevveevnnnn..... 73
Domestic Hot Water (DHW) ENd USe ................ooooeooeeeeeeeeereeeoreeeerereveesesseressesens 76
LOW FLOW SROWEE HEad ..o s s 76
FAUCEE AGTAtOrs............cooouoiiieietcececeee e s s 80
Domestic Hot Water Tank Wrap..............c.coouimoeeeeeereeceeeeeeeeeeeeeeersres s esrenan 84
DHW pipe inSULAtION..........o..oovieee e 86
High Efficiency Gas Water Heater ..o 89
Heat Pump Domestic Water Heater ................ocoooeeeemmeeeomeeeeeeeeeeeereee, 92

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org



@ REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 2.0 Page 3 of 204
Laundry ENd USe...........o.oeuiuceiecciicccniisincniis s tese st asssa st ssss e sans 95
CLOthES WASRET ...ttt ettt e s esesaesesess s sesesssasssssabes 95
Shell SAVINGS ENA USE ... es s ssasesssssssasns 100
AN SEALING. ..o 100
Attic/ceiling/roof insulation..............cccvevin e, 107
Efficient Windows - Energy Star Time of sale ............cccccccceennnninnnnnns 113
Pool Pump End Use ............ eeeeeteteuer ettt etebeher bbb e b et s e b et eban st beRe Rt et ebebana et esennnenen 115
PoOl pUMP-tWO SPEE ... 115
Pool pump-variable speed..............ccoin e 118
Plug LoAd ENd USE............coooviiiniiiiiiiiiiiniintetisissss st isssss s ssssssasesene 121
"Smart-Strip” plug outlets ... 121
COMMERCIAL & INDUSTRIAL MARKET SECTOR 123
LiGhting ENd USe...........coureeeeuenicineiiciiiinininiesie et sess s tss st ssssees 123
CFL - Screw base, Retail - Commercial.............ccccocevvinininnnniiniininns 123
High Performance and Reduced Wattage T8 Lighting Equipment.......... 129
T5 LIGhLING. ...t 134
Pulse-Start Metal Halide fixture - interior ...........ccccevvnnininiiinnennn. 138
Pulse Start Metal Halide - exterior.............cccocvvinniininincee 142
High Pressure SOditm............ccccnienenssc s 144
LED EXIt STN ....ooviviiiiieieeeiee ettt et st s 146
Solid State Lighting (LED) Recessed Downlight................cooooninininnnncs 149
DElamMPiNg.........ccooeemeieeccecit s 154
Occupancy Sensor - Wall DOX...........cociceccns 158
Heating Ventilation and Air Conditioning (HVAC) End Use.................ccccceceec. 162
High Efficiency Unitary AC - EXisSting...........c.cooomnninnincnncncis 162
Variable Frequency Drive (VFD) ... 166
ELECEFIC CRILLETS ...ttt r e et b 171
GAS BOTIET ...ttt sttt e et 176
GAS FUMNACE. ...ttt et sts e sr e st s s s ean e ee s sas e sbsae s s s saasenne 179
Dual Enthalpy ECONOMIZET ..........c.ccoiiiiimiriiinee ittt seeeeeesesnen 182
Refrigeration ENd USe..............oiiiiiniiinnciisiinesissnsesesssssisssinssnsnsassenes 184
EffiCIONE FI@EZET ...ttt sttt sre s e ns s b nene 184
HOUt WALEE ENA USP.......oeeeeoeeeeeeeeeereceeeeieseeeecesssssiessssssssesassnsennassassansassansssnsans 187
C&l Heat Pump Water Heater ... 187
Plug LoGd ENd USE.......c.ccoumviiiiniiiiiriicissnis st 190
"Smart-Strip” plug OULLEtS ... 190
APPENDIX 192
A. Supporting Calculation Work Sheets ..., 192
B. Recommendation for Process and Schedule for Maintenance and
Update of TRM CONtENLS ..........ccooriiiiiiiinieiei s s 195
C. Description of Unique Measure COdes ..........coomrnencnccinenincnnnscinininninns 203

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org



@ REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 2.0 Page 4 of 204

PREFACE
The Regional EM&V Forum

The Regional EM&V Forum is a project managed and facilitated by Northeast
Energy Efficiency Partnerships, Inc. The Forum’s purpose is to provide a
framework for the development and use of common and/or consistent
protocols to measure, verify, track and report energy efficiency and other
demand resource savings, costs and emission impacts to support the role and
credibility of these resources in current and emerging energy and
environmental policies and markets in the Northeast and the Mid-Atlantic
region. For more information, see http: www.neep.org/emv-forum.

Acknowledgements

The Mid-Atlantic Technical Reference Manual (TRM) was prepared for the
Regional EM&V Forum by VEIC. Bret Hamilton of Shelter Analytics was project
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Hartline (Maryland Energy Administration), Cheryl Hindes (Baltimore Gas &
Electric), Jeff King (Metropolitan Washington Council of Governments), Ruth
Kiselewich (Baltimore Gas & Electric), Huilan Li (Maryland Public Service
Commission), Teri Lutz (Allegheny Power), Laura Magee (PEPCO Holdings, Inc.),
Ed Miller (Allegheny Power), Gary Musgrave (Allegheny Power), David Pirtle
(PEPCO Holdings, Inc.), Charlie Smisson (Delaware State Energy Office), Mary
Straub (Baltimore Gas & Electric), Steve Sunderhauf (PEPCO Holdings, Inc.),
Lauren Swiston (Maryland Energy Administration), Sheldon Switzer (Baltimore
Gas & Electric). In addition, staff from Itron, Navigant, GDS, Lockheed Martin,
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INTRODUCTION

This Technical Reference Manual is the outcome of a project conducted for the
Regional Evaluation, Measurement and Verification Forum (‘the EMV Forum’)
sponsored by Maryland, Delaware and the District of Columbia. The intent of
the project was to develop and document in detail common assumptions for
approximately thirty prescriptive residential and commercial/industrial electric
energy efficiency measures savings. For each measure, the TRM includes either
specific deemed values or algorithms' for calculating:

+ Gross annual electric energy savings;

« Gross electric summer coincident peak demand savings;

* Gross annual fossil fuel energy savings (for electric efficiency measures
that also save fossil fuels, and for certain measures that can save
electricity or fossil fuels);

* Other resource savings if appropriate (e.g. water savings, O&M impacts);

- *» Incremental costs; and

* Measure lives.

The TRM is intended to be easy to use and to serve a wide range of important
users and functions, including:

. Utilities and efficiency Program Administrators - for cost-effectiveness
screening and program planning, tracking, and reporting.

- Regulatory entities, independent program evaluators, and other parties -
for evaluating the performance of efficiency programs relative to statutory
goals and facilitating planning and portfolio review; and

- Markets, such as PJM’s Reliability Pricing Model (its wholesale capacity
market) and future carbon markets - for valuing efficiency resources.

The TRM is intended to be a flexible and living document. To that end, NEEP,
the project sponsors and the TRM authors all expect it to be periodically
updated with additional measures, modifications to characterizations of
existing measures and even removal of some measures when they are no longer
relevant to regional efficiency programs. Initial recommendations for a process
by which updates could occur are provided in Appendix B.

! Typically, the algorithms provided contain a number of deemed underlying assumptions which
when combined with some measure specific information (e.g. equipment capacity) produce
deemed calculated savings values.
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Context

The Forum initiated this project as a benefit to both the Mid-Atlantic States
and the overall Forum Region, for the following reasons:

o To improve the credibility and comparability of energy efficiency
resources to support state and regional energy, climate change and
other environmental policy goals;

e To remove barriers to the participation of energy efficiency resources in
regional markets by making EM&V practices and savings assumptions
more transparent, understandable and accessible;

e To reduce the cost of EM&V activities by leveraging resources across the
region for studies of common interest (where a need for such studies has
been identified); and

o To inform the potential development of national EM&V protocols.

This is the first generation of a document of this type that has been prepared
for the mid-Atlantic sponsors, and one of few in the country to serve a multi-
jurisdictional audience. For definitions of many energy efficiency terms and
acronyms included in the TRM, users of this TRM may want to refer to the EMV
Forum Glossary available at: http://neep.org/ emv-forum/forum-products-and-
guidelines. It is important to note that because the TRM was developed on a
parallel schedule with the EMV Forum Product A2 (Common Methods Project),
draft A2 materials contributed to the research for the TRM, for measures which
were common to both Forum projects (specifically residential and commercial
lighting measures, residential central and commercial unitary air conditioning,
and variable frequency drives).

It is also recognized that programs throughout the Mid-Atlantic region are in
the early stages of implementation of efficiency programs and only just
beginning to conduct significant new market research and evaluation studies.
As a result, there were less local data upon which to rely than is the case in
some other regions of the country. It will be important to update the TRM as
efficiency programs mature and more evaluation data becomes available. In
addition, efficiency programs in the region are not identical and either the
availability or the results of existing baseline studies and other sources of
information can differ across organizations and jurisdictions. Also, different
budgets and policy objectives exist, and states may have different EM&V
requirements and practices. Given these considerations, the contents of this
TRM reflect the consensus agreement and best judgment of project sponsors,
managers, and consultants on information that was most useful and
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appropriate to include within the time, resource, and information constraints
of the study.

Approach

This section briefly identifies and describes the process used to develop the
TRM. In addition, it Provides an overview of some of the considerations and
decisions involved in the development of estimates for the many parameters.
The development of this TRM required a balance of effectiveness,
functionality, and relevance with available sources and research costs. It is
helpful to keep in mind that each measure characterization has numerous
components, including baseline consumption, annual energy savings, coincident
peak demand savings, useful life, and incremental cost. Many of those
components have a number of sub-components. Thus, the project needed to
research and develop literally hundreds of unique assumptions. It is further
helpful to keep in mind that because the project served a multijurisdictional
audience, it required data requests, review, and consensus decision-making by
a subcommittee comprised of project sponsors (see the end of this Introduction
for a list of subcommittee members). The subcommittee was responsible for
review and approval of the products generated in each of the tasks needed to
complete the project.

Development of the TRM consisted of the following tasks:

Task 1: Prioritization/Measure Selection.

By design, this TRM was restricted to thirty priority prescriptive measures, due
to a combination of Project resource constraints and the recognition that
typically 10 - 20% of a portfolio of efficiency measures (such as CFLs, T8s or
super-T8s, some cooling measures, efficient water heaters) likely account for
the large majority (90% or more) of future savings claims from prescriptive
measures (i.e., those measures effectively characterized by deemed savings).

measures chosen were variations on other measures (e.g. two different
efficiency tiers for room air conditioners). Because gas measures were not
common to all sponsors, these were eliminated from the list of priority

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421 P:781.860.9177 Www.neep.org
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measures, but there is consensus that gas measures should be included in a
future update. However for those measures where fossil fuel savings occur in
addition to electricity savings (for example the clothes washer measure), or
where either electric or fossil fuel savings could be realized depending on the
heating fuel used (for example domestic hot water conservation measures),
appropriate MMBtu savings have been provided.

Task 2: Development of Deemed Impacts.

Development of the contents of the TRM proceeded in two stages. The first
stage was research, analysis, and critical review of available information to
inform the range of assumptions considered for each parameter and each
measure included in the TRM. This was based on a comparative study of many
secondary sources including existing TRMs for New Jersey, New York,
Connecticut, Massachusetts and Vermont as well, as mentioned earlier, as
some information that was developed for the EMV Forum Product “A2”
(Common Methods Project).

The comparative analysis itself was not always as straightforward as it might
initially seem because the measures included in different jurisdictions’ TRMs
are sometimes a little different from each other - in efficiency levels
promoted, capacity levels considered, the design of program mechanisms for
promoting the measures and various other factors. In addition, such variables
may be different in the mid-Atlantic region than in other jurisdictions. Thus,
the comparative analysis of many assumptions required calibration to common
underlying assumptions. Wherever possible, such underlying assumptions -
particularly for region-specific issues such as climate, codes and key baseline
issues - were derived from the mid-Atlantic region. In the end, the
comparative analysis documented the range of assumptions used in other
jurisdictions for each key measure parameter, the average value for those
jurisdictions and the reasons for the differences.

The second stage was development of specific recommendations for
assumptions or assumption algorithms (informed by the comparative analysis),
along with rationales and references for the recommendations. These
recommended assumptions identified cases where calculation of savings is
required and where options exist (for example two coincidence factor values
are provided for central AC measures, based on two definitions of peak
coincidence factors) for calculation of impact. They also recommend deemed
values where consistency can or should be achieved. The following criteria were
used in the process of reviewing the proposed assumptions and establishing
consensus on the final contents of the TRM:

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org
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+ Credibility. The savings estimates and any related estimates of the cost-
effectiveness of efficiency investments are credible.

+ Accuracy and completeness. The individual assumptions or calculation
protocols are accurate, and measure characterizations capture the full
range of effects on savings.

« Transparency. The assumptions are considered by a variety of stakeholders
to be transparent - that is, widely-known, widely accessible, and developed
and refined through an open process that encourages and addresses
challenges from a variety of stakeholders.

« Cost efficiency. The contents of the TRM addressed all inputs that were
well within the established project scope and constraints. Sponsors
recognize that there are improvements and additions that can be made in
future generations of this document.

Additional notes regarding the high level rationale for extrapolation for Mid-
Atlantic estimates from the Northeast and other places are provided below
under Intended Uses of the TRM.

Task 3: Development of Recommendations for Update.

The purpose of this task was to develop a recommended process for when and
how information will be incorporated into the TRM in the future. This task
assumes that the process of updating and maintaining the TRM is related to but
distinct from processes for verification of annual savings claims by Program
Administrators. It further assumes that verification remains the responsibility

* Review processes in other jurisdictions. This included New Jersey,
Ontario, Vermont, and Ohio.

* Expected uses of the TRM. This assumes that the TRM will be used to
conduct prospective cost-effectiveness screening of utility programs, to

* Expected timelines required to implement the TRM protocols.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421 P:781.860.9177 www.neep.org
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o Processes stakeholders envision for conducting annual reviews of utility
program savings as well as program evaluations, and therefore what time
frame for TRM updates can accommodate these.

e Feasibility of merging or coordinating the Mid-Atlantic protocols with
those of other States, such as Pennsylvania, New Jersey or entire the
Northeast.

Task 4: Delivery of Draft and Final Product.

The final content of the TRM reflects the consensus approval of the results
from Task 2 as modified following a peer review. By design, the final version of
the TRM document is similar to other TRMs currently available, for ease of
comparison and update and potential merging with others in the future.

Use of the TRM

As noted above, The TRM is intended to serve as an important tool to support
rate-funded efficiency investments, both for planning and assessment of
success in meeting specific state goals. In addition, the TRM is intended to
support the bidding of efficiency resources into capacity markets, such as
PJM’s Reliability Pricing Model and in setting and tracking future environmental
and climate change goals. It provides a common platform for the Mid-Atlantic
stakeholders to characterize measures within their efficiency programs,
analyze and meaningfully compare cost-effectiveness of measures and
programs, communicate with policymakers about program details, and it can
guide future evaluation and measurement activity and help identify priorities
for investment in further study, needed either at a regional or individual
organizational level.

The savings estimates are expected to serve as representative, recommended
values, or ways to calculate savings based on program-specific information. All
information is presented on a per measure basis. In using the measure-specific
information in the TRM, it is helpful to keep the following notes in mind:

e The TRM clearly identifies whether the measure impacts pertain to “retrofit”,
“time of sale”,” or “early retirement” program designs.

2 |n some jurisdictions, this is called “replace on burn-out”. We use the term “time of sale”
because not all new equipment purchases take place when an older existing piece of
equipment reaches the end of its life.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org
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* Additional information about the program design is sometimes included in the
measure description because program design can affect savings and other
parameters.

* Savings algorithms are typically provided for each measure. For a number of
measures, prescriptive values for each of the variables in the algorithm are

assumption. For other measures, prescriptive values are provided for only
some of the variables in the algorithm, with the term “actual” or “actual
installed” provided for the others. In those cases - which one might call
“deemed calculations” rather than “deemed assumptions” - users of the TRM

Note that the TRM typically provides example calculations for measures
requiring “actual” values, These are for illustrative purposes only.

e All estimates of savings are annual savings and are assumed to be realized for
each year of the measure life (unless otherwise noted),

* Unless otherwise noted, measure life is defined to be “The life of an energy
consuming measure, including its equipment life and measure persistence (not
savings persistence)” (EMV Forum Glossary). Conceptually it is similar to

that could be expected from the average measures that might be installed in
the region in 2011,

* For measures that are not weather-sensitive, peak savings are estimated
whenever possible as the average of savings between 2 pm and 6 pm across all

weekdays). This is most indicative of actual peak benefits. The secondary way
- typically provided in a footnote - is to estimate peak savings as it is measured
for non-cooling measures: the average between 2 pm and 6 pm across all
summer weekdays (regardless of temperature). The second way is presented
so that values can be bid into the PJM RPM.

e  Wherever possible, savings estimates and other assumptions are based on mid-
Atlantic data. For example, data from a BG&E metering study of residential

peak coincidence factors. However, a number of assumptions - including
assumptions regarding peak coincidence factors - are based on New York

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P:781.860.9177 Www.neep.org
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geography and climate and customer mix, it was used because it was the most
transferable and usable source available at the time.’

e Users will note that the TRM presents engineering equations for most measures.
These were judged to be desirable because they convey information clearly and
transparently, and they are widely accepted in the industry. Unlike simulation
model results, they also provide flexibility and opportunity for users to
substitute locally specific information and to update some or all parameters as
they become available on an ad hoc basis. One limitation is that certain
interaction effects between end uses, such as how reductions in waste heat
from many efficiency measures impacts space conditioning, are not universally
captured in this version of the TRM.*

e For some of the whole-building program designs that are being planned or
implemented in the Mid-Atlantic, simulation modeling may be needed to
estimate savings. While they were beyond the scope of this TRM, it is
recommended that a future version of the TRM may include the baseline
specifications for any whole-building efficiency measures.

o In general, the baselines included in the TRM are intended to represent average
conditions in the Mid-Atlantic. Some are based on data from the Mid-Atlantic,
such as household consumption characteristics provided by the Energy
information Administration. Some are extrapolated from other areas, when
Mid-Atlantic data are not available.

¢ When weather adjustments were needed in extrapolations, Baltimore weather
conditions were generally used as a proxy for the region. This decision was
made after comparing Baltimore, MD, Washington, D.C., Dover, DE and other
temperature and humidity indicators.

o The TRM anticipates the effects of changes in efficiency standards for some
measures, specifically CFLs and motors.

Going forward, the project sponsors can use this TRM, along with other Forum
products on common EM&V terminology, guidelines on common evaluation
methods, and common reporting formats, along with the experience gained
from implementation of the efficiency programs to inform decisions about what
savings assumptions should be updated and how. Future TRM updates may also
expand the parameters, measures or programs covered beyond those currently
included.

3 For more discussion about the transferability of consumption data, see the EMV Forum
Report: Cataloguing Available End-Use and Efficiency Measure Load Data, October 2009 at
http://neep.org/ emv-forum/ forum-products-and-guidelines.

* They are captured only for lighting measures.
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TRM Update History

Version Issued
1.1 October 2010
1.2 March 2011
2.0 July 2011
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RESIDENTIAL MARKET SECTOR

Lighting End Use
CFL Screw base, Retail - Residential

Unique Measure Code(s): RS_LT_TOS_CFLSCR_V1.0510

Effective Date: March 2011
End Date: December 31, 2011

Measure Description

A compact fluorescent light bulb (CFL) is purchased in retail and
installed in a residential location. The incremental cost of the CFL compared to
an incandescent light bulb is offset via either rebate coupons or via upstream
markdowns. Assumptions are based on a time of sale purchase, not as a retrofit
or direct install installation. Also, this characterization is for a general purpose
screw based CFL bulb, and not a specialty bulb.

Definition of Baseline Condition
The baseline is the purchase and installation of a standard incandescent
light bulb.

Definition of Efficient Condition
The efficient condition is the purchase and installation of a compact
fluorescent light bulb.

Annual Energy Savings Algorithm

AkWh = ((AWatts) /1000) * ISR * HOURS * WHFe
Where:

AWatts = Compact Fluorescent Watts (if known) * 2.95 3

Note: The multiplier should be adjusted according to the
table below to account for the change in baseline stemming from

5 Average wattage of compact fluorescent from RLW study was 15.5W, and the replacement
incandescent bulb was 61.2W. This is a ratio of 3.95 to 1, and the delta watts is equal to the
compact fluorescent bulb multiplied by 2.95:

RLW Analytics, New England Residential Lighting Markdown Impact Evaluation, January 20,
2009.
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the Energy Independence and Security Act of 2007 discussed
below:

15 or less 2.95 3 2.95 1.83
16-20 2.95 . 1.79 1.79
21W+ 2.95 . 1.84 1.84

If Compact Fluorescent Watts is unknown use 45,7 7

Note: The delta watts should be adjusted to 28.28 from

2013 onwards to account for the change in baseline stemming
from the Energy Independence and Security Act of 2007 discussed

below.
ISR = In Service Rate or percentage of units rebated that get
installed.
=0.88°
HOURS = Average hours of use per year
= 1088 (2.98 hrs per day) *°
WHFe = Waste Heat Factor for Energy to account for cooling

savings from efficient lighting.
= 1.14"

¢ Calculated by finding the new delta watts after incandescent bulb wattage is reduced (from
100W to 72W in 2012, 75W to 53W in 2013 and 60W to 43W in 2014); see MidAtlantic CFL
Adjustments.xls.

7RLW Analytics, New England Residential Lighting Markdown Impact Evaluation, January 20,
2009,

¥ Calculated by multiplying 45.7 by the average adjustment 2014 percentage adjustment from
table below. This adjustment should be made in 2013 since this is the midpoint of the 3 EISA
adjustment years.

s Starting with a first year ISR of 0.81 (based on EMPOWER Maryland DRAFT 2010 Interim
Evaluation Report; Chapter 5: Lighting and Appliances) and a lifetime ISR of 0.97 (from Nexus
Market Research, RLW Analytics and GDS Associates study; “New England Residential Lighting
Markdown Impact Evaluation, January 20, 2009”), and assuming 43% of the remaining 16% not
installed in the first year replace incandescents (24 out of 56 respondents not purchased as
spares; Nexus Market Research, RLW Analytics, October 2004; “Impact Evaluation of the
Massachusetts, Rhode Island, and Vermont 2003 Residential Lighting Programs”, table 6-7). ISR
is therefore calculated as 0.81 + (0.43*0.16) = 0.88. See MidAtlantic CFL Adjustments.xls for
calculation.

" Based on EmPOWER Maryland DRAFT 2010 Interim Evaluation Report; Chapter 5: Lighting and
Appliances.

" Waste heat factor for energy to account for cooling savings from efficient lighting. The
value is estimated at 1.14 (calculated as 1 + (0.78%(0.45) / 2.5)). Based on 0.45 ASHRAE
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For example:
AkWh = ((45.7)/1000) * 0.88 * 1088 * 1.14

= 49.9 kWh

Baseline Adjustment'?

In 2012, Federal legislation stemming from the Energy Independence and
Security Act of 2007 will require all general-purpose light bulbs between 40 and
100W to be approximately 30% more energy efficient than current incandescent
bulbs, in essence beginning the phase out of standard incandescent bulbs. In
2012 100W incandescents will no longer be manufactured, followed by
restrictions on 75W in 2013 and 60W in 2014. The baseline for this measure will
therefore become bulbs (improved incandescent or halogen) that meet the new
standard.

To account for these new standards, the annual savings for this measure must
be reduced for 100W equivalent bulbs (21W+ CFLs) in 2012, for 75W equivalent
bulbs (16-20W CFLs) in 2013 and for 60 and 40W equivalent bulbs (15W or less
CFLs) in 2014. To account for this adjustment the delta watt multiplier is
adjusted as shown above. In addition, since during the lifetime of a CFL, the
baseline incandescent bulb will be replaced multiple times, the annual savings
claim must be reduced within the life of the measure. For example, for 100W
equivalent bulbs (21W+ CFLs) installed in 2010, the full savings (as calculated
above in the Algorithm) should be claimed for the first two years, but a
reduced annual savings claimed for the remainder of the measure life.

The appropriate adjustments as a percentage of the base year savings for each
CFL range are provided below":

‘Wattage | 2009 -2011 | = 20

15 or less 100%

16-20 100% 100% 61% 61%
21W+ 100% 63% 63% 63%

Lighting waste heat cooling factor for Washington DC

(http:/ /\ighting.bki.com/ pubs/bé_tab1.htm) and assuming typical cooling system operating
efficiency of 2.5 COP (accounting for distribution losses, inadequate airflow etc). Assuming
78% of homes have central cooling (based on BGE Residential Energy Use Survey, Report of
Findings, December 2005; Mathew Greenwald & Associates).

12 Note that the EISA adjustments discussed only apply to general purpose CFL bulbs. Specialty
bulbs (not characterized here) are not currently subject to these adjustments.

3 Calculated by finding the percentage reduction in delta watts, for example for a 100W bulb:
(72-25.3)/(100-25.3) = 62.5%. See MidAtlantic CFL Adjustments.xls for calculation.
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Summer Coincident Peak kW Savings Algorithm

AKW = ((AWatts) /1000) * ISR * WHFd * CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
=139 "
CF = Summser Peak Coincidence Factor for measure
=0.11"
For example:
Akw = ((45.7) / 1000) * 0.88 * 1.39 * 0.11
= 0.0061 kW

Note: The savings adjustment due to the shifting baseline documented above
should be applied to the peak kW savings assumed in the later years.

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $3.¢

Measure Life
The measure life is assumed to be 5.7 years."”

' Waste heat factor for demand to account for cooling savings from efficient lighting. The
value is estimated at 1.39 (calculated as 1 + (0.78 / 2.0)). Based on 2.0 cOP cooling system
efficiency during peak hours, and 78% of homes having central cooling (based on BGE Energy
Use Survey, Report of Findings, December 2005; Mathew Greenwald & Associates).

"> RESIDENTIAL LIGHTING MARKDOWN IMPACT EVALUATION, FINAL, January 20, 2009, Submitted
to: Markdown and Buydown Program Sponsors in Connecticut, Massachusetts, Rhode Island, and
Vermont. Submitted by: Nexus Market Research, Inc., RLW Analytics, Inc.

' Based on review of TRM assumptions for other States.

"7 Calculated starting with an average observed life (5.2 years) of compact fluorescent bulbs
with rated life of 8000 hours (8000 hours is the average rated life of ENERGY STAR bulbs
(http:/ /www.energystar.gov/ index.cfm?c=cfls.pr crit cfls)). Observed life is based on Jump
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Operation and Maintenance Impacts

In order to account for the shift in baseline due to the Federal
Legislation discussed above, the levelized baseline replacement cost over the
lifetime of the CFL is calculated (see MidAtlantic CFL Adjustments.xls). The key
assumptions used in this calculation are documented below:

Standard Efficient
Incandescent | Incandescent
Replacement Cost $0.50 $2.00
Component Life (years) 17 3"

(based on lamp life /
assumed annual run
hours)

The calculated net present value of the baseline replacement costs for CFL
type and installation year are presented below:

15W and less $3.90

et al “Welcome to the Dark Side: The Effect of Switching on CFL Measure Life” and is due to
increased on/off switching. The 5.2 years is adjusted upwards due to the assumption that 57%
of the 16% not installed in the first year eventually replace CFLs (based on 32 out of 56
respondents purchased as spares; Nexus Market Research, RLW Analytics, October 2004;
“Impact Evaluation of the Massachusetts, Rhode Island, and Vermont 2003 Residential Lighting
Programs”, table 6-4). Measure life is therefore calculated as (5.2 + (((0.57 * 0.16)/0.88) *5.2)
= 5.7 years.

Note, a provision in the Energy Independence and Security Act of 2007 requires that by January
1, 2020, all lamps meet efficiency criteria of at least 45 lumens per watt, in essence making
the CFL baseline. Therefore after 2014 the measure life will have to be reduced each year to
account for the number of years remaining to 2020.V

18 pssumes rated life of incandescent bulb of 1000 hours.

19 VEIC best estimate of future technology.

20 Note, these values have been adjusted by the appropriate In Service Rate.
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Hardwired CFL Fixtures (Interior)

Unique Measure Code(s): RS_LT_RTR_CFLF IN_V1.0510 and
RS_LT_INS_CFLIN_V1.0510

Effective Date: March 2011
End Date:

Measure Description

An ENERGY STAR lighting fixture wired for exclusive use with pin-based
compact fluorescent lamps is installed in an interior residential setting. This
measure could relate to either retrofit or new installation.

Definition of Baseline Condition
The baseline condition is a standard incandescent interior fixture.

Definition of Efficient Condition
The efficient condition is an ENERGY STAR lighting interior fixture for
pin-based compact fluorescent lamps.

Annual Energy Savings Algorithm

AkWh = ((AWatts) /1000) * ISR * HOURS * WHFe

Where:
AWatts = Compact Fluorescent Watts (if known) * 2,95 '

Note: The multiplier should be adjusted according to the
table below to account for the change in baseline stemming from
the Energy Independence and Security Act of 2007 discussed
below:

X This is the same ratio as the CFL bulb, and is used for fixtures in the absence of better data

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  p: 781.860.9177 Www.neep.org



@ ] ReGIONAL EVALUATION,

MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 2.0

Page 21 of 204

201 eyon
15 or less 2.95 2.95 2.95 1.83
16-20 2.95 2.95 1.79 1.79
21W+ 2.95 1.84 1.84 1.84
If Compact Fluorescent Watts is unknown use = 48.7 B
Note: The delta watts should be adjusted to 30.1%* from

2013 onwards to account for the change in baseline stemming
from the Energy Independence and Security Act of 2007 discussed
below.

ISR - In Service Rate or percentage of units rebated that get
installed. =0.95 ?

HOURS = Average hours of use per year
- 1088 (2.98 hrs per day) *°

WHFe - Waste Heat Factor for Energy to account for cooling
savings [rom efficient lighting.
= 1.14%

For example:
AkWh = ((48.7) / 1000) * 0.95 * 1088 *1.14

2 Calculated by finding the new delta watts after incandescent bulb wattage is reduced (from
100W to 72W in 2012, 75W to 53W in 2013 and 60W to 43W in 2014). See MidAtlantic CFL
Adjustments.xls for calculation.

23 Nexus Market Research, “Impact Evaluation of the Massachusetts, Rhode island and Vermont
2003 Residential Lighting Programs”, Final Report, October 1, 2004, p. 43 (Table 4-9). This
value for delta watts is per fixture, not per lamp.

24 Calculated by multiplying 48.7 by the average adjustment 2014 percentage adjustment
from table below. This adjustment should be made in 2013 since this is the midpoint of the 3
EISA adjustment years.

25 consistent with Efficiency Vermont and CT Energy Efficiency Fund; based on Nexus Market
Research, “Impact Evaluation of the Massachusetts, Rhode Island and Vermont 2003 Residential
Lighting Programs”, Final Report, October 1, 2004, p. 42 (Table 4-7).

26 Based on EmPOWER Maryland DRAFT 2010 Interim Evaluation Report; Chapter 5: Lighting and
Appliances. This study is based on both lamp and fixture lighting logger results.

27 \aste heat factor for energy to account for cooling savings from efficient lighting. The
value is estimated at 1.14 (calculated as 1 + (0.78*(0.45) / 2.5)). Based on 0.45 ASHRAE
Lighting waste heat cooling factor for Washington DC.

(http:/ /lighting.bki .com/pubs/b6_tab1.htm) and assuming typical cooling system operating
efficiency of 2.5 COP (accounting for distribution losses, inadequate airflow etc). Assuming
7834% of homes have central cooling (based on BGE 2005 Residential Appliance Saturation
Survey (RASS)).
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= 57 kWh

Baseline Adjustment

In 2012, Federal legislation stemming from the Energy Independence and
Security Act of 2007 will require all general-purpose light bulbs between 40 and
100W to be approximately 30% more energy efficient than current incandescent
bulbs, in essence beginning the phase out of standard incandescent bulbs. In
2012 100W incandescents will no longer be manufactured, followed by
restrictions on 75W in 2013 and 60W in 2014. The baseline for this measure will
therefore become bulbs (improved incandescent or halogen) that meet the new
standard.

To account for these new standards, the annual savings for this measure must
be reduced for 100w equivalent bulbs (21W+ CFLs) in 2012, for 75W equivalent
bulbs (16-20W CFLs) in 2013 and for 60 and 40W equivalent bulbs (15W or less
CFLs) in 2014. To account for this adjustment the delta watt multiplier is
adjusted as shown above. In addition, since during the lifetime of a CFL, the
baseline incandescent bulb will be replaced multiple times, the annual savings
claim must be reduced within the life of the measure. For example, for 100W
equivalent bulbs (21W+ CFLs) installed in 2010, the full savings (as calculated
above in the Algorithm) should be claimed for the first two years, but a
reduced annual savings claimed for the remainder of the measure life.

The appropriate adjustments as a percentage of the base year savings for each
CFL range are provided below?:

‘Savings a

72009

15 or less 100% 100%
16-20 100% 100% 61%

21W+ 100% 63% 63%

Summer Coincident Peak kW Savings Algorithm
AKW = ((AWatts) /1000) * ISR * WHFd * CF

Where:

* Calculated by finding the percentage reduction in delta watts, for example for a 100W bulb:
(72-25.3)/(100-25.3) = 62.5%. See MidAtlantic CFL Adjustments.xls for calculation.
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WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
=1.39%
CF = Sumnggr Peak Coincidence Factor for measure
=0.11

For example:
AKW = (48.7 / 1000) * 0.95 * 1.39 * 0.11

= 0.007 kKW

Note: The savings adjustment due to the shifting baseline documented above
should be applied to the peak kW savings assumed in the later years.

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for an interior fixture is assumed to be $15.31

Measure Life

An additional provision in the Energy Independence and Security Act of
2007 requires that by January 1, 2020, all lamps meet efficiency criteria of at
least 45 lumens per watt, in essence making the CFL baseline.

The measure life of an interior fixture3? will therefore need to be
reduced each year and be equal to the remaining number of years before 2020,
j.e. for installations in 2010 the measure life should be 10 years, for
installations in 2011 the measure life should be 9 years etc.

29 waste heat factor for demand to account for cooling savings from efficient lighting. The
value is estimated at 1.39 (calculated as 1 + (0.78 / 2.0)). Based on 2.0 COP cooling system
efficiency during peak hours, and 78% of homes having central cooling (based on BGE Energy
Use Survey, Report of Findings, December 2005; Mathew Greenwald & Associates).

30 RESIDENTIAL LIGHTING MARKDOWN IMPACT EVALUATION, FINAL, January 20, 2009, Submitted
to: Markdown and Buydown Program Sponsors in Connecticut, Massachusetts, Rhode Island, and
Vermont. Submitted by: Nexus Market Research, Inc., RLW Analytics, Inc.

3 Estimate based on review of TRM assumptions from other States.

32 measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007

(http:/ /www.ctsavesenergy.org/files/ Measure%20Life%20Report%202007.pdf ) gives 20 years
for an interior fluorescent fixture.
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In order to account for the shift in baseline due to the Federal
Legislation discussed above, the levelized baseline replacement cost over the

lifetime of the CFL is calculated (see MidAtlantic

assumptions used in this calculation are documented below:

Baseline Efficient
Standard Efficient CFL
Incandescent | Incandescent
Replacement Cost $0.50 $2.00 $3.50
Component Life (years) 1% 3* 8

(based on lamp life /
assumed annual run
hours)

The calculated net present value of th
type and installation year are present:

e baseline replacement costs for CFL
ed below:

CFL Adjustments.xls). The key

ne Repl

acement Costs™ .

2012 "7 207

21W+

$3.21

$3.21

16-20W

$4.72

$3.21

15W and less

$1.69 | $3.66

$3.37

33 Assumes rated life of incandescent bulb of 1000 hours

** VEIC best estimate of future technology.
% Note, these values have been adjusted by the appropriate In Service Rate.

Northeast Energy Efficiency Partnerships

91 Hartwell Avenue Lexington, MA 02421

P:781.860.9177
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Hardwired CFL Fixtures (Exterior)

Unique Measure Code(s): RS_LT_RTR_CFLFEX_V1.0510 and
RS_LT_INS_CFLFEX_V1.0510

Effective Date: May 2010

End Date:

Measure Description

An ENERGY STAR lighting fixture wired for exclusive use with pin-based
compact fluorescent lamps is installed in an exterior residential setting. This
measure could relate to either retrofit or new installation.

Definition of Baseline Condition
The baseline condition is a standard incandescent exterior fixture.

Definition of Efficient Condition
The efficient condition is an ENERGY STAR lighting exterior fixture for
pin-based compact fluorescent lamps.

Annual Energy Savings Algorithm
AKWh = ((AWatts) /1000) * ISR * HOURS

Where:
AWatts = Compact Fluorescent Watts (if known) * 2.95 36
Note: The multiplier should be adjusted according to the
table below to account for the change in baseline stemming from
the Energy Independence and Security Act of 2007 discussed
below:

36 This is the same ratio as the CFL bulb, and is used for fixtures in the absence of better data
since the Nexus Market Research study only provided delta watts and did not specify
incandescent or CFL fixture wattages. Average wattage of compact fluorescent from RLW study
was 15.5W, and the replacement incandescent bulb was 61.2W. This is a ratio of 3.95 to 1, and
the delta watts is equal to the compact fluorescent bulb multiplied by 2.95:

RLW Analytics, New England Residential Lighting Markdown Impact Evaluation, January 20,
2009.
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15 or less 2.95 2.95 2.95 1.83
16-20 2.95 2.95 1.79 1.79
21W+ 2.95 1.84 1.84 1.84

If Compact Fluorescent Watts is unknown use 94.7 3
Note: The delta watts should be adjusted to 58.5% from
2013 onwards to account for the change in baseline stemming
from the Energy Independence and Security Act of 2007 discussed

below.
ISR = In Service Rate or percentage of units rebated that get
installed
=0.87%
HOURS = Average hours of use per year

= 1643 (4.5 hrs per day)*'
For example:
AKWh = ((94.7) / 1000) * 0.87 * 1643
= 135 kWh
Baseline Adjustment

In 2012, Federal legislation stemming from the Energy Independence and
Security Act of 2007 will require all general-purpose light bulbs between 40 and

¥ Calculated by finding the new delta watts after incandescent bulb wattage is reduced (from
100W to 72W in 2012, 75W to 53W in 2013 and 60W to 43W in 2014). See MidAtlantic CFL
Adjustments.xls for calculation.

%% Nexus Market Research, “Impact Evaluation of the Massachusetts, Rhode Island and Vermont
2003 Residential Lighting Programs”, Final Report, October 1, 2004, p. 43 (Table 4-9). This
value for delta watts is per fixture, not per lamp.

* Calculated by multiplying 94.7 by the average adjustment 2014 percentage adjustment from
table below. This adjustment should be made in 2013 since this is the midpoint of the 3 EISA
adjustment years.

“ Consistent with Efficiency Vermont and CT Energy Efficiency Fund; based on Nexus Market
Research, “Impact Evaluation of the Massachusetts, Rhode Island and Vermont 2003 Residential
Lighting Programs”, Final Report, October 1, 2004, p. 42 (Table 4-7).

“! Updated results from above study, presented in 2005 memo;

http:// publicservice.vermont.gov/ energy/ee_files/efficiency/eval/ marivtfinalresultsmemodeli
vered.pdf
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100W to be approximately 30% more energy efficient than current incandescent
bulbs, in essence beginning the phase out of standard incandescent bulbs. In
2012 100W incandescents will no longer be manufactured, followed by
restrictions on 75W in 2013 and 60W in 2014. The baseline for this measure will
therefore become bulbs (improved incandescent or halogen) that meet the new
standard.

To account for these new standards, the annual savings for this measure must
be reduced for 100W equivalent bulbs (21W+ CFLs) in 2012, for 75W equivalent
bulbs (16-20W CFLs) in 2013 and for 60 and 40W equivalent bulbs (15W or less
CFLs) in 2014. To account for this adjustment the delta watt multiplier is
adjusted as shown above. In addition, since during the lifetime of a CFL, the
baseline incandescent bulb will be replaced multiple times, the annual savings
claim must be reduced within the life of the measure. For example, for 100W
equivalent bulbs (21W+ CFLs) installed in 2010, the full savings (as calculated
above in the Algorithm) should be claimed for the first two years, but a
reduced annual savings claimed for the remainder of the measure life.

The appropriate adjustments as a percentage of the base year savings for each
CFL range are provided below*:

CFL . .- | Savings as Percentage of Base Year Savings
150r less | 100% | 100% | 100% 62%
16-20 100% 100% 61% 61%
21W+ 100% 63% 63% 63%

Summer Coincident Peak kW Savings Algorithm

AKW = ((AWatts) /1000) * ISR * CF
Where:
CF = Summer Peak Coincidence Factor for measure

=0.018 %

For example:
AKW = (94.7 / 1000) * 0.87 * 0.018

“ Calculated by finding the percentage reduction in delta watts, for example for a 100W bulb:
(72-25.3)/(100-25.3) = 62.5%. See MidAtlantic CFL Adjustments.xls for calculation.
* Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
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= 0.0015 kW

Note: The savings adjustment due to the shifting baseline documented above
should be applied to the peak kW savings assumed in the later years.

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for an exterior fixture is assumed to be $20.%

Measure Life

An additional provision in the Energy Independence and Security Act of
2007 requires that by January 1, 2020, all lamps meet efficiency criteria of at
least 45 lumens per watt, in essence making the CFL baseline.

The measure life of an exterior fixture® will therefore need to be
reduced each year and be equal to the remaining number of years before 2020,
i.e. for installations in 2010 the measure life should be 10 years, for
installations in 2011 the measure life should be 9 years etc.

Operation and Maintenance Impacts

In order to account for the shift in baseline due to the Federal
Legislation discussed above, the levelized baseline replacement cost over the
lifetime of the CFL is calculated (see MidAtlantic CFL Adjustments.xls). The key
assumptions used in this calculation are documented below:

“4 Estimate based on review of TRM assumptions from other States.
5 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007

(http://www.ctsavesenergy.org/files/ Measure%20Life%20Report%202007.pdf ) gives 15 years
for an exterior fluorescent fixture.
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Baseline Efficient
Standard Efficient CFL
Incandescent | Incandescent

Replacement Cost $0.50 $2.00 $3.50

Component Life (years) 0.5% 2.0% 5%

(based on lamp life /

assumed annual run

hours)

The calculated net present value of the baseline replacement costs for CFL
type and installation year are presented below:

16-20W $3.77 $4.36 $3.81 $1.92 $1.92
15W and less $4.33 $3.77 $3.19 $2.57 $1.92

4 Assumes rated life of incandescent bulb of 1000 hours (simplified to 0.5 for calculation).
“7 VEIC best estimate of future technology.

“ Assumes rated life of 8000 hours (simplified to 5 years for calculation).

“ Note, these values have been adjusted by the appropriate In Service Rate.
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Solid State Lighting (LED) Recessed Downlight
Lamp

Unique Measure Code: RS_LT_TOS_SSLDWN_V2.0711
Effective Date: July 2011
End Date:

Measure Description

This measure describes savings from the purchase and installation of a
Solid State Lighting (LED) Recessed Downlight lamp in place of an incandescent
downlight lamp (i.e. time of sale). The SSL downlight should meet the ENERGY
STAR Specification for Solid State Luminaires™. The characterization of this
measure should not be applied to other types of LEDs.

Note, this measure assumes the baseline is a Bulged Reflector (BR) lamp.
This lamp type is generally the cheapest and holds by far the largest market
share for this fixture type. They currently are not subject to EISA regulations
and so this characterization does not include the baseline shift provided in
other lighting measures.

Definition of Baseline Condition

The baseline is the purchase and installation of a standard BR-type
incandescent downlight light bulb.
Definition of Efficient Condition

The efficient condition is the purchase and installation of a Solid State
Lighting (LED) Recessed Downlight light bulb.
Annual Energy Savings Algorithm

AkWh = ((BaseWatts - EffWatts) /1,000) * ISR * HOURS * WHFe

Where:
BaseWatts = Connected load of baseline lamp

50 ENERGY STAR specification can be viewed here:
http:/ /www.energystar.gov/ia/partners/prod_development/new specs/downloads/SSL_FinalC
riteria.pdf
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= 65W '
Effwatts = Connected load of efficient lamp
= 12w 2
ISR = In Service Rate or percentage of units rebated that
get installed.
=0.95%
HOURS = Average hours of use per year
= 1241 (3.4 hrs per day)™
WHFe = Waste Heat Factor for Energy to account for
cooling 555avings from efficient lighting.
= 1.14

AkWh = ((65-12) / 1,000) * 0.95 * 1241 * 1.14
=71 kWh
Summer Coincident Peak kW Savings Algorithm

AkW = ((BaseWatts - EffWatts) /1000) * ISR * WHFd * CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
=1.39%

>! Baseline wattage based on common 65 Watt BR30 incandescent bulb (e.g.
http://www.destinationlighting.com/storeitem. jhtml?iid=16926)

*2 Energy Efficient wattage based on 12 Watt LR6 Downlight from LLF Inc.
(http://site4.marketsmartinteractive.com/ products.htm)

> VEIC estimate. Assumed higher than CFL because significantly higher cost.

* There is an absence of evaluations that have looked at SSL lamp run hours so the estimate
provided is based on professional judgment. The assumption is that the installation of a more
expensive LED downlight will be in a high use location. Therefore assume CFL run hour finding
from 12 years ago, when the same was true of CFLs; 3.4 hours based on Xenergy 1998 study
"Process and Impact Evaluation of Joint Utilities Starlights Residential Lighting Program".

*® Waste heat factor for energy to account for cooling savings from efficient lighting. The
value is estimated at 1.14 (calculated as 1 + (0.78*(0.45) / 2.5)). Based on 0.45 ASHRAE
Lighting waste heat cooling factor for Washington DC

(http://lighting.bki.com/pubs/bé_tab1 -htm) and assuming typical cooling system operating
efficiency of 2.5 COP (accounting for distribution losses, inadequate airflow etc). Assuming
78% of homes have central cooling (based on BGE Residential Energy Use Survey, Report of
Findings, December 2005; Mathew Greenwald & Associates),

% Waste heat factor for demand to account for cooling savings from efficient lighting. The
value is estimated at 1.39 (calculated as 1 + (0.78 / 2.0)). Based on 2.0 COP cooling system
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CF = Summer Peak Coincidence Factor for measure
=0.11%

AKW = ((65 - 12) / 1,000) * 0.95 * 1.39 * 0.11
= 0.0077 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure is assumed to be $61°°.
Measure Life

The measure life is assumed to be 20 yrs®.

Operation and Maintenance Impacts

The levelized baseline replacement cost over the lifetime of the
SSL is calculated (see MidAtlantic CFL Adjustments.xls). The key assumptions
used in this calculation are documented below:

BR-type Incandescent
Replacement Cost $4.00
Component Life (years) (based on 1.6%
lamp life / assumed annual run hours)

The calculated net present value of the baseline replacement costs is $30.85.

efficiency during peak hours, and 78% of homes having central cooling (based on BGE Energy
Use Survey, Report of Findings, December 2005; Mathew Greenwald & Associates).

57 RESIDENTIAL LIGHTING MARKDOWN IMPACT EVALUATION, FINAL, January 20, 2009, Submitted
to: Markdown and Buydown Program Sponsors in Connecticut, Massachusetts, Rhode Island, and
Vermont. Submitted by: Nexus Market Research, Inc., RLW Analytics, Inc.

58 Based on VEIC product review, April 2011. Baseline bulbs available in $3-$5 range, and SSL
bulbs available in $50-$80 range. Incremental cost of $61 therefore assumed (54 for the
baseline bulb and $65 for the SSL). Note, this product is likely to fall rapidly in cost, so this
should be reviewed frequently.

59 The ENERGY STAR Spec for SSL Recessed Downlights requires luminaires to maintain >=70%
initial light output for 25,000 hrs in a residential application. Measure life is therefore assumed
to be 20 yrs (25000/1241);

http://www.energystar.gov/ia/partners/ prod_development/new_specs/downloads/ SSL_FinalC
riteria.pdf

60 Assumes rated life of BR incandescent bulb of 2000 hours, based on product review. Lamp
life is therefore 2000/1241 = 1.6years.
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Refrigeration End Use

Refrigerator

Unique Measure Code(s): RS_RF_TOS_REFRIG_V10.05
Effective Date: March 2011
End Date:

Measure Description

This measure relates to the purchase and installation of a new
refrigerator meeting either ENERGY STAR or Consortium for Energy Efficiency
(CEE) TIER 2 specifications (defined as requiring >= 20% or >= 25% less energy
consumption than an equivalent unit meeting federal standard requirements
respectively). This is a time of sale measure characterization.

Definition of Baseline Condition
The baseline condition is a new refrigerator meeting the minimum
federal efficiency standard for refrigerator efficiency.

Definition of Efficient Condition
The efficient condition is a new refrigerator meeting either the ENERGY
STAR or CEE TIER 2 efficiency standards.

Annual Energy Savings Algorithm®’
AkWh = KWhBASE - KWhES

Where:
kWhBASE = Annual energy consumption of baseline unit
= 585.4
kWhES = Annual energy consumption of ENERGY STAR unit
= 468.3
Or= Annual energy consumption of CEE Tier 2 unit
=439.1

¢ kwWh assumptions for base and efficient condition are based on data compiled by Efficiency
Vermont that gives the average federal standard consumption for all units incentivized in their
program. ENERGY STAR standards are 20% better than Federal Standard; CEE Tier 2 is 25%
better.
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AKWHEenerGY sTAR
= 585.4 - 468.3
=117 kWh
AKWHCcEE Tier 2
= 585.4 - 439.1
=146 kWh

Summer Coincident Peak kW Savings Algorithm

AW = (AkWh/8760) * TAF * LSAF

Where:

TAF = Temperature Adjustment Factor
=1.23 %

LSAF = Load Shape Adjustment Factor
=1.15%

AKWENERGY sTAR
= (117 / 8760) * 1.23 * 1.15
= 0.019 kW

AKW_EE TiER 2

= (146 / 8760) * 1.23 * 1.15
= 0.024 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

2 Temperature adjustment factor based on Blasnik, Michael, "Measurement and Verification of
Residential Refrigerator Energy Use, Final Report, 2003-2004 Metering Study", July 29, 2004 (p.
47) and assuming 78% of refrigerators are in cooled space (based on BGE Energy Use Survey,
Report of Findings, December 2005; Mathew Greenwald & Associates) and 22% in un-cooled
space.

6 Daily load shape adjustment factor also based on Blasnik, Michael, "Measurement and
Verification of Residential Refrigerator Energy Use, Final Report, 2003-2004 Metering Study”,
July 29, 2004 p. 48, (extrapolated by taking the ratio of existing summer to existing annual
profile for hours ending 15 through 18, and multiplying by new annual profile).
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The incremental cost for this measure is assumed to be $95 for an
ENERGY STAR unit and $140 for a CEE Tier 2 unit.%*

Measure Life
The measure life is assumed to be 17 Years.®®

Operation and Maintenance Impacts
n/a

64 Based on Department of Energy, “TECHNICAL REPORT: Analysis of Amended Energy
Conservation Standards for Residential Refrigerator-Freezers”, October 2005.
65 Consistent with Efficiency Vermont and New Jersey TRMs.
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Refrigerator Early Retirement

Unique Measure Code(s): RS_RF_ERT_REFRIG_V1.0510
Effective Date: March 2011
End Date:

Measure Description

This measure involves the removal of an existing inefficient
refrigerator®® from service, prior to its natural end of life (early retirement).
The program should target refrigerators with an age greater than 10 years,
though it is expected that the average age will be greater than 20 years based
on other similar program performance. Savings are calculated for the
estimated energy consumption during the remaining life of the existing unit®’.

Definition of Baseline Condition
The existing refrigerator baseline efficiency is based upon evaluation of
a number of existing programs and evaluations.

Definition of Efficient Condition
The existing inefficient refrigerator is removed from service and not
replaced.

Annual Energy Savings Algorithm

AKWh = UECretired * ISAF¢®

% This measure assumes a mix of primary and secondary refrigerators will be replaced. By
definition, the refrigerator in a household’s kitchen that satisfies the majority of the
household’s demand for refrigeration is the primary refrigerator. One or more additional
refrigerators in the household that satisfy supplemental needs for refrigeration are referred to
as secondary refrigerators.

%7 Note that the hypothetical nature of this measure implies a significant amount of risk and
uncertainty in developing the energy and demand impact estimates.

% There is currently no net to gross (NTG) ratio applied in this algorithm.

A NTG ratio was originally used to account for i ) primary units being recycled (as opposed to
secondary), ii) refrigerators only used part of the year and iii) for those that would have been
removed without the program (i.e. freeriders). The new methodology addresses the first (i) and
second (ii) issues because the algorithm incorporates replacement and partial-use adjustments.
No other measures in the TRM include free-rider estimates at this time. The freerider
adjustment has been removed to make this measure more consistent with the other measures
in this TRM.
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Where:
UECretired = Average in situ Unit Energy Consumption of retired unit,
adjusted for part use
= 894 kWh®
ISAF = In Situ Adjustment Factor
= 0.85"°

AkWh =894 * 0.85
= 760 kWh
Summer Coincident Peak kW Savings Algorithm

AKW = (AkWh/8760) * TAF * LSAF

Where:
TAF = Temperature Adjustment Factor
=1.23"
LSAF = Load Shape Adjustment Factor
= 1.066 "

¢ Based on EmPower DRAFT 2010 Interim Evaluation Report Chapter 5: Lighting and
Appliances. This suggests an average UEC of 1004kWh and an average part use factor of 0.89 to
give an adjusted value of 894kwWh.

© A recent California study suggests that in situ energy consumption of refrigerators is lower
than the DOE test procedure would suggest (The Cadmus Group et al., “Residential Retrofit
High Impact Measure Evaluation Report”, prepared for the California Public Utilities
Comrmnission, February 8, 2010). The magnitude of the difference - estimated as 6% lower for
one California utility, 11% lower for a second, and 16% lower for a third - was a function of
whether the recycled appliance was a primary or secondary unit, the size of the household and
climate (warmer climates show a small difference between DOE test procedure estimated
consumption and actual consumption; cooler climates had lower in situ consumption levels).
Ideally, such an adjustment for the Mid Atlantic should be computed using program participant
data. However, in the absence of such a calculation, a 15% downward adjustment, which is
near the high end of the range found in California, is assumed to be reasonable for Mid Atlantic
given its cooler climate (relative to California).

7 Temperature adjustment factor based on Blasnik, Michael, "Measurement and Verification
of Residential Refrigerator Energy Use, Final Report, 2003-2004 Metering Study”, July 29, 2004
(p. 47) and assuming 78% of refrigerators are in cooled space (based on BGE Energy Use Survey,
Report of Findings, December 2005; Mathew Greenwald & Associates) and 22% in un-cooled
space.

7 Daily load shape adjustment factor also based on Blasnik, Michael, "Measurement and
Verification of Residential Refrigerator Energy Use, Final Report, 2003-2004 Metering Study”,
July 29, 2004 p. 48, using the average Existing Units Summer Profile for hours ending 15
through 18.
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AKW =760/8760 * 1.23 * 1.066
= 0.114 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

Page 38 of 204

The incremental cost for this measure will be the actual cost associated
with the removal and recyling of the secondary refrigerator.

Measure Life

The measure life is assumed to be 8 Years.”?

Operation and Maintenance Impacts
n/a

> KEMA “Residential refrigerator recycling ninth year retention study”, 2004.
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Heating Ventilation and Air Conditioning (HVAC) End Use

Central Furnace Efficient Fan Motor

Unique Measure Code(s): RS_HV_RTR_FANMTR_V1.0510 and
RS_HV_TOS_FANMTR_V1.0510

Effective Date: March 2011

End Date:

Measure Description

This measure involves the installation of a high efficiency brushless
permanent magnet fan motor (BPM or ECM), hereafter referred to as “efficient
fan motor”. This measure could apply to fan motors installed with a furnace or
with a central air conditioning unit and could apply when retrofitting an
existing unit or installing a new one.

If a new unit is installed, the program should require that it meet
ENERGY STAR efficiency criteria in order to qualify for the incentive, although
the savings estimations below relate only to the efficiency gains associated
with an upgrade to the efficient fan motor.

For homes that install an efficient furnace fan and have central A/C,
both the cooling and heating savings values should be included.

Definition of Baseline Condition
A standard low-efficiency permanent split capacitor (PSC) fan motor.

Definition of Efficient Condition
A high efficiency brushless permanent magnet fan motor (BPM or ECM).

Annual Energy Savings Algorithm
Heating Season kWh Savings from efficient fan motor = 241kWh 7

Cooling Season kWh Savings from efficient fan motor = 178kWh ™

74 The average heating savings from Scott Pigg (Energy Center of Wisconsin), “Electricity Use by
New Furnaces: A Wisconsin Field Study”, Technical Report 230-1, October 2003, is 400kWh. An
estimate for Mid-Atlantic is provided by multiplying this by the ratio of heating degree days in
Baltimore MD compared to Wisconsin (4704 / 7800).

75 The average cooling savings from Scott Pigg (Energy Center of Wisconsin), “Electricity Use by
New Furnaces: A Wisconsin Field Study”, Technical Report 230-1, October 2003, is 70 to
95kWh. An estimate for Mid-Atlantic is provided by multiplying by the ratio of full load cooling
hours in Baltimore compared to Southern Wisconsin (1050/487). Full load hour estimates from:
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Summer Coincident Peak kW Savings Algorithm

Two methodologies are provided below, the first is a deemed value to use if
the appropriate sizing data is not collected, the second provides an algorithm
based on the size of the cooling unit.

1. Deemed Summer Coincident Peak kW Assumption
AkWcooling = AKW * CF

Where:

AkW = Difference in connected load kW of baseline motor and
efficient fan motor
=0.1637

CFssp = Summer System Peak Coincidence Factor for Central A/C
(hour e;;ding 5pm on hottest summer weekday)
= 0.69

CFpm = PJM Summer Peak Coincidence Factor for Central A/C
(June to August weekdays between 2 pm and 6 pm) valued
at peak weather
=0.66 "

AkWcoolingsse =0.163 * 0.69

= 0.112 kW

AkWcoolingp,u =0.163 * 0.66

= 0.108 kW

2. Summer Coincident Peak kW based on cooling system size

AkWcooling = AKW * CF

http://www.energystar.gov/ia/business/bulk_purchasing/ bpsavings_calc/CalculatorConsumerR
oomAC.xls.

76 The average delta watts power draw for a furnace with ECM compared to without is 162.5W,
from Scott Pigg (Energy Center of Wisconsin), “Electricity Use by New Furnaces: A Wisconsin
Field Study”, Technical Report 230-1, October 2003, p34.

77 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.

78 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.
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Where:
AkW = Difference in connected load kW of baseline motor and
efficient fan motor”®
= (-0.023 * Tons?) + (0.062 * Tons) + 165

CFssp = Summer System Peak Coincidence Factor for Central A/C
(hour ending 5pm on hottest summer weekday)
=0.69%

CFom = PJM Summer Peak Coincidence Factor for Central A/C

(June to August weekdays between 2 pm and 6 pm) valued
at peak weather
= 0.66 %

For example, a four ton cooling unit:
AkWcoolingssp = ((-0.023 * 4°) + (0.062 * 4) + 0.165) * 0.69
= 0.031 kW
AkWcoolingpm = ((-0.023 * 4°) + (0.062 * 4) + 0.165) * 0.66
= 0.030 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $200.82

Measure Life
The measure life is assumed to be 18 years.®

Operation and Maintenance Impacts
n/a

7 The polynomial algorithm is based on data pulled from the chart on p34 of Scott Pigg (Energy
Center of Wisconsin), “Electricity Use by New Furnaces: A Wisconsin Field Study”, Technical
Report 230-1, October 2003.

% Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.

8 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.

82 gachs and Smith, April 2003; Saving Energy with Efficient Furnace Air Handlers: A Status
Update and Program Recommendations.
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Window A/C

Unique Measure Code(s): RS_HV_TOS_RA/CES_V1.0510 and
RS_HV_TOS_RA/CT1_V1.0510

Effective Date: March 2011

End Date:

Page 42 of 204

Measure Description

This measure relates to the purchase (time of sale) and installation of a
room air conditioning unit that meets either the ENERGY STAR or CEE TIER 1
minimum qualifying efficiency specifications presented below:

Product Class Federal Standard ENERGY STAR CEE TIER 1 (EER)
(Btu/hour) (EER) (EER)
8,000 to 13,999 >=9.8 >=10.8 >=11.3

Definition of Baseline Condition
The baseline condition is a window AC unit that meets the current
minimum federal efficiency standards presented above.

Definition of Efficient Condition
The baseline condition is a window AC unit that meets either the
ENERGY STAR of CEE TIER 1 efficiency standards presented above.

Annual Energy Savings Algorithm

AKWH = (Hours * Btu/hour * (1/EERbase - 1/EERee))/1000

Where:
Hours = Run hours of Window AC unit
= 3255
Btu/hour = Size of rebated unit

8 VEIC calculated the average ratio of FLH for Room AC (provided in RLW Report: Final Report
Coincidence Factor Study Residential Room Air Conditioners, June 23, 2008) to FLH for Central
Cooling (provided by AHRI:

http://www.energystar.gov/ia/business/ bulk_purchasing/bpsavings_calc/Calc_CAC.xls) at
31%. Applying this to the FLH for Central Cooling provided for Baltimore (1050) we get 325 FLH
for Room AC.
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When available, the actual size of the rebated unit should be used in
the calculation. In the absence of this data, the following default value

can be used:
= 8500 %
EERbase = Efﬁcé';'ency of baseline unit in Btus per Watt-hour
=98
EERee = Effic:};ncy of ENERGY STAR unit in Btus per Watt-hour
=10.8
Or = Efficiency of CEE Tier 1 unit
=11.3%
AKWHENErGY sTAR
= (325 * 8500 * (1/9.8 - 1/10.8)) / 1000
= 26 kWh
AKWHCEE TiEr 1

= (325 * 8500 * (1/9.8 - 1/11.3)) / 1000
= 37 kWh

Summer Coincident Peak kW Savings Algorithm

AkW = Btu/hour * (1/EERbase - 1/EERee))/1000 * CF

Where:
CF = Summer Peak Coincidence Factor for measure
CFssp = Summer System Peak Coincidence Factor for Central A/C
(hour eggding 5pm on hottest summer weekday)
= 0.56
CFpim = PJM Summer Peak Coincidence Factor for Central A/C

(June to August weekdays between 2 pm and 6 pm) valued
at peak weather
=0.3%

8 Based on maximum capacity average from RLW Report: Final Report Coincidence Factor
Study Residential Room Air Conditioners, June 23, 2008.

8 Minimum Federal Standard for capacity range.

8 Minimum qualifying for ENERGY STAR, or CEE Tier 1.

8 Minimum qualifying for ENERGY STAR, or CEE Tier 1.

8 Consistent with coincidence factors found in:

RLW Report: Final Report Coincidence Factor Study Residential Room Air Conditioners, June 23,
2008

(http:/ /www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid
/117_RLW_CF%20Res%20RAC.pdf) and adjusted for the region based on BG&E “Development of
Residential Load Profiler for Central Air Conditioners and Heat Pumps.”
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AKWENERGY STAR S5P
= (8500 * (1/9.8 - 1/10.8)) / 1000 * 0.56

= 0.045 kW

AKWCEE TieR 1 ssp
= (8500 * (1/9.8 - 1/11.3)) / 1000 * 0.56
= 0.065 kW

AKWENERGY STAR PM

= (8500 * (1/9.8 - 1/10.8)) / 1000 * 0.30
= (0.024 kW

AKWCEE TiER 1 pum
= (8500 * (1/9.8 - 1/11.3)) / 1000 * 0.30
= (0.035 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $40 for an
ENERGY STAR unit and $80 for a CEE TIER 1 unit.*®

Measure Life
The measure life is assumed to be 12 years.®’

Operation and Maintenance Impacts
n/a

% Based on field study conducted by Efficiency Vermont.

*" Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.

http://www.ctsavesenergy.org/files/Measure%20Li fe%20Report%202007. pdf
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ENERGY STAR Central A/C

Unique Measure Code(s): RS_HV_TOS_CENA/C_V1.0510
Effective Date: March 2011
End Date:

Measure Description

This measure relates to the installation of a new Central Air Conditioning
ducted split system meeting ENERGY STAR efficiency standards presented
below. This measure could relate to the replacing of an existing unit or the
installation of a new system in an existing home (time of sale).

Efficiency Level SEER Rating EER Rating’™
Federal Standard 13 11
ENERGY STAR 14.5 12

Definition of Baseline Condition
The baseline condition is a central air conditioning ducted split system
that meets the minimum Federal standards.

Definition of Efficient Condition

The efficient condition is a central air conditioning ducted split system
that meets the ENERGY STAR standards.
Annual Energy Savings Algorithm

AKWH = (Hours * Btu/hour * (1/SEERbase - 1/SEERee))/1000

Where:
Hours = Full load cooling hours
Dependent on location as below:
Location Run Hours
Wilmington, DE 5137

92 grER and EER refer to Seasonal Energy Efficiency Ratio and Energy Efficiency Ratio,
respectively.

% Full Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying BG&E’s full load hours determined for Baltimore (531 from the research referenced
below) by the ratio of full load hours in Wilmington, DE (1,015) or Washington, DC (1,320) to
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Baltimore, MD 5317
Washington, DC 668
Btu/Hour = Size of equipment in Btu/hour (note 1 ton =
12,000Btu/ hour)

= Actual installed
SEERbase = SEt;Is? Efficiency of baseline unit
=13
SEERee = SEER Efficiency of ENERGY STAR unit
= Actual installed
For example, a 3 ton unit with SEER rating of 14.5, in Baltimore:
AKWH = (531 * 36000 * (1/13 - 1/14.5)) / 1000

=152 kWh

Summer Coincident Peak kW Savings Algorithm

AkW = Btu/hour * (1/EERbase - 1/EERee)/1000 * CF

Where:

EERbase = EEIS6E fficiency of baseline unit
=11

EERee = EER Efficiency of ENERGY STAR unit
= Actual installed

CFssp = Summer System Peak Coincidence Factor for Central A/C
(hour e;l;ding 5pm on hottest summer weekday)
=0.69

CFpp = PJM Summer Peak Coincidence Factor for Central A/C

(June to August weekdays between 2 pm and 6 pm) valued
at peak weather
= 0.66 *®

Baltimore MD (1,050) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/ bulk_purchasing/bpsavings_calc/ Calc_CAC.xls)

* Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research.

% Minimum Federal Standard.

* Minimum Federal Standard.

*7 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.
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For example, a 3 ton unit with EER rating of 12:

AKWssp - (36000 * (1/11 - 1/12)) / 1000 * 0.69
= 0.19 kW

AKWpu - (36000 * (1/11 - 1/12)) / 1000 * 0.66
= 0.18 KW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure is provided below:*’

Efficiency Level | Cost per Ton_
SEER 14 $119
SEER 15 $238
SEER 16 $357
SEER 17 $476
SEER 18 $596
SEER 19 $715
SEER 20 $834
SEER 21 $908

Measure Life

The measure life is assumed to be 18 years.'®
Operation and Maintenance Impacts

n/a

% pased on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.

99 DEER 2008 Database Technology and Measure Cost Data (www.deeresources.com)

100 peasure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.

http://www.ctsavesenergy.org/ files/Measure%20Life%20Report%202007. pdf
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Duct Sealing

Unique Measure Code: RS_HV_RTR_DCTSLG_V2.0711
Effective Date: July 2011
End Date:

Measure Description
This measure is the sealing of ducts using mastic sealant or metal tape.

Two methodologies for estimating the savings associate from sealing the
ducts are provided. The first method requires the use of a blower door and the
second requires careful inspection of the duct work.

1. Modified Blower Door Subtraction - this technique is described in detail
on p44 of the Energy Conservatory Blower Door Manual;
http://www.energyconservatory.com/ download/bdmanual.pdf

2. Evaluation of Distribution Efficiency - this methodology requires the
evaluation of three duct characteristics below, and use of the Building
Performance Institutes ‘Distribution Efficiency Look-Up Table’;
http://www.bpi.org/files/pdf/ DistributionEfficienchable-BlueSheet.Ddf

a. Percentage of duct work found within the conditioned space
b. Duct leakage evaluation
c. Duct insulation evaluation

This is a retrofit measure.
Definition of Baseline Condition

The existing baseline condition is leaky duct work within the
unconditioned space in the home.
Definition of Efficient Condition

The efficient condition is sealed duct work throughout the unconditioned
space in the home.

Annual Energy Savings Algorithm
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Cooling savings from reduction in Air Conditioning Load:

Methodology 1: Modified Blower Door Subtraction
a. Determine Duct Leakage rate before and after performing duct sealing:

DUCt Leakage (CFMSODL) = (CFMSOWho[e House ~ CFMSOEnve[ope On[y) * SCF

Where:
CFM50wnote House = Standard Blower Door test result finding Cubic
Feet per Minute at 50 Pascal pressure differential
CFM50nveiope onty = Blower Door test result finding Cubic Feet per

Minute at 50 Pascal pressure differential with all
supply and return registers sealed.

SCF = Subtraction Correction Factor to account for
underestimation of duct leakage due to connections
between the duct system and the home. Determined
by measuring pressure in duct system with registers
sealed and using look up table provided by Energy
Conservatory.

b. Calculate duct leakage reduction, convert to CFM255.'" and factor in Supply
and Return Loss Factors

Duct Leakage Reduction (ACFM25p.) = (Pre CFM50p, - Post CFM50p.) * 0.64*
(SLF + RLF)

Where:
SLF = Supply Loss Factor
= % leaks sealed located in Supply ducts
Default = 0.5'%

*1102

10195 pascals is the standard assumption for typical pressures experienced in the duct system
under normal operating conditions. To convert CFM50 to CFM25 you multiply by 0.64 (inverse of
the “Can’t Reach Fifty” factor for CFM25; see Energy Conservatory Blower Door Manual).

102 5 ccumes that for each percent of supply air loss there is one percent annual energy penalty.
This assumes supply side leaks are direct losses to the outside and are not recaptured back to
the house. This could be adjusted downward to reflect regain of usable energy to the house
from duct leaks. For example, during the winter some of the energy lost from supply leaks in a
crawlspace will probably be regained back to the house (sometimes 1/2 or more may be
regained). More information provided in “Appendix E Estimating HVAC System Loss From Duct
Airtightness Measurements” from

http: / /www.energyconservatory.com/download/ dbmanual.pdf
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RLF = Return Loss Factor
= % leaks sealed located in Return ducts * 0.5%
Default = 0.25"%

c. Calculate Energy Savings:

AkWheooting = ((ACFM25p.)/ (Capacity * 400)) * FLHcool * BtuH) /
1000 / nCool

Where:
ACFM25p, = Duct leakage reduction in CFM25
Capacity = Capacity of Air Cooling system (tons)
400 = Conversion of Capacity to CFM (400CFM / ton)
FLHcool = Full Load Cooling Hours
= Dependent on location as below:
Location FLHcool
Wilmington, DE 513 ™%
Baltimore, MD 531
Washington, DC 668
BtuH = Size of equipment in Btuh (note 1 ton = 12,000Btuh)
= Actual
nCool = Efficiency in SEER of Air Conditioning equipment

= actual. If not available use'®:

193 Assumes 50% of leaks are in supply ducts.

"% Assumes that for each percent of return air loss there is a half percent annual energy
penalty. Note that this assumes that return leaks contribute less to energy losses than do
supply leaks. This value could be adjusted upward if there was reason to suspect that the
return leaks contribute significantly more energy loss than “average” (e.g. pulling return air
from a super heated attic), or can be adjusted downward to represent significantly less energy
loss (e.g. pulling return air from a moderate temperature crawl space) . More information
provided in “Appendix E Estimating HVAC System Loss From Duct Airtightness Measurements”
from http://www.energyconservato .com/download/dbmanual.pdf

1% Assumes 50% of leaks are in return ducts.

1% Full Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying BG&E’s full load hours determined for Baltimore (531 from the research referenced
below) by the ratio of full load hours in Wilmington, DE (1,015) or Washington, DC (1,320) to
Baltimore MD (1,050) from the ENERGY STAR calculator.

(http:// www.energystar.gov/ia/business/ bulk_purchasing/ bpsavings_calc/ Calc_CAC.xls)

107 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research.

"% These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Central AC was adjusted. While one would expect the average
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Age of Equipment SEER Estimate
Before 2006 10
After 2006 13

For example, duct sealing in a house in Wilmington, DE with 3 ton, SEER
11 central air conditioning and the following blower door test results:

Before:
CFMSOWthe House = 4,800 CFM50
CFMSOEnvelope Only = 4, 500 CFMSO
House to duct pressure = 45 Pascals
= 1.29 SCF (Energy Conservatory look
up table)
After:
CFMSOWhQ[e House = 4,600 CFM50
CFMSOEnve[ope On[y = 4, 500 CFMSO
House to duct pressure = 43 Pascals
= 1.39 SCF (Energy Conservatory look
up table)
Duct Leakage at CFM50:
CFM50py before = (4,800 - 4,500) * 1.29
= 387 CFM50
CFM50p. after = (4,600 - 4,500) * 1.39
= 139 CFM50

Duct Leakage reduction at CFM25:

ACFM25pL = (387 - 139) * 0.64 * (0.5 + 0.25)
=119 CFM25

Energy Savings:
AKWh = ((119 / (3 * 400)) * 513 * 36,000) / 1,000 / 11

= 166 kWh

system efficiency to be higher than this minimum, the likely degradation of efficiencies over
time mean that using the minimum standard is appropriate.
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Heating savings for homes with electric heat (Heat Pump):

AkWh = (((ACFM25p, / (Capacity * 400)) * FLHheat * BtuH) /
1,000,000 / nHeat) * 293.1
Where:
ACFM25p. = Duct leakage reduction in CFM25
Capacity = Capacity of Air Cooling system (tons)
400 = Conversion of Capacity to CFM (400CFM / ton)
FLHheat = Full Load Heating Hours
= Dependent on location as below:
Location FLHheat
Wilmington, DE 1291’7
Baltimore, MD 119570
Washington, DC 1134
BtuH = Size of equipment in Btuh (note 1 ton = 12,000Btuh)
= Actual
nHeat = Efficiency in COP of Heating equipment
= actual. If not available use'"":
System Age of HSPF copP
Type Equipment | Estimate | Estimate
Heat Before 2006 6.8 2.00
Pump After 2006 7.7 2.26
Resistance n/a n/a 1.00

For example, duct sealin

g in a 3-ton 2.5 COP heat pump heated house in

Baltimore, MD with the blower door results described above:

% Full Load Heating Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying BG&E’s full load hours determined for Baltimore (1195 from the research
referenced below) by the ratio of full load hours in Wilmington, DE (2346) or Washington, DC
(2061) to Baltimore MD (2172) from the ENERGY STAR calculator.

(http:/ /www.energystar.gov/ia/business/ bulk_purchasing/ bpsavings_calc/ASHP_Sav_Calc.xls)
"®Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research.

" These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Heat Pumps was adjusted. While one would expect the
average system efficiency to be higher than this minimum, the likely degradation of
efficiencies over time mean that using the minimum standard is appropriate.
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AkWh = (((119 / (3 * 400)) * 1,195 * 36,000) / 1,000,000 / 2.5) *
293.1
= 500 kWh

Methodology 2: Evaluation of Distribution Efficiency

Cooling savings from reduction in Air Conditioning Load:

Determine Distribution Efficiency by evaluating duct system before and
after duct sealing using Building Performance Institute “Distribution Efficiency
Look-Up Table”

AkWh cooling = ((((DEafter - DEbefore)/ DEafter)) * FLHCOO[ * BtUH) /
1,000 / nCool

Where:
DEgster = Distribution Efficiency after duct sealing
DEpefore = Distribution Efficiency before duct sealing
FLHcool = Full Load Cooling Hours
= Dependent on location as below:
Location FLHcool
Wilmington, DE 513 1<
Baltimore, MD 531"
Washington, DC 668
BtuH = Size of equipment in Btuh (note 1 ton = 12,000Btuh)
= Actual
nCool = Efficiency in SEER of Air Conditioning equipment

= actual. If not available use'™:

112 Fu1L Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying BG&E’s full load hours determined for Baltimore (531 from the research referenced
below) by the ratio of full load hours in Wilmington, DE (1,015) or Washington, DC (1,320) to
Baltimore MD (1,050) from the ENERGY STAR calculator.

(http://www.energystar.gov/ia/ business/bulk_purchasing/bpsavings_calc/ Calc_CAC.xls)

113 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research.

114 These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Central AC was adjusted. While one would expect the average
system efficiency to be higher than this minimum, the likely degradation of efficiencies over
time mean that using the minimum standard is appropriate.
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Age of Equipment SEER Estimate
Before 2006 10
After 2006 13

For example, duct sealing in a house in Wilmington DE, with 3-ton SEER
11 central air conditioning and the following duct evaluation results:

D Ebefore

0.80
DEafter O 90

Energy Savings:
AkWh = ((0.90 - 0.80)/0.90) * 513 * 36,000) / 1,000 / 11

= 187 kWh

Heating savings for homes with electric heat (Heat Pump of resistance):

kWh = (((((DEafter - DEbefore)/ DEatter)) * FLHheat * BtuH )/
1,000,000 / nHeat ) * 293.1
Where:
FLHheat = Full Load Heating Hours
= Dependent on location as below:
Location FLHheat
Wilmington, DE 1,291
Baltimore, MD 1,19577¢
Washington, DC 1,134
BtuH = Size of equipment in Btuh (note 1 ton = 12,000Btuh)
= Actual
nHeat = Efficiency in COP of Heatin$7equipment

= actual. If not available use’:

"5 Full Load Heating Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying BG&E’s full load hours determined for Baltimore (1195 from the research
referenced below) by the ratio of full load hours in Wilmington, DE (2346) or Washington, DC
(2061) to Baltimore MD (2172) from the ENERGY STAR calculator.

(http:/ /www.energystar.gov/ia/business/ bulk_purchasing/ bpsavings_calc/ASHP_Sav_Calc.xls)
"'®Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research.

"7 These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Heat Pumps was adjusted. While one would expect the
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System Age of HSPF cop
Type Equipment | Estimate | Estimate
Heat Before 2006 6.8 2.00
Pump After 2006 7.7 2.26
Resistance n/a n/a 1.00

For example, duct sealing in a 2.5 COP heat pump heated house in
Baltimore, MD with the following duct evaluation results:

DEbefore 0.80
DEafter 0 . 90

Energy Savings:
AkWh = ((((0.90 - 0.80)/0.90) * 1,195 * 36,000) / 1,000,000
/2.5)*293.1

= 560 kWh

Summer Coincident Peak kW Savings Algorithm

AkW = AkWh / FLHcool * CF
Where:
CFssp = Summer System Peak Coincidence Factor for Central A/C
(hour ending 5pm on hottest summer weekday)
=0.69 '
CFpim = PJM Summer Peak Coincidence Factor for Central A/C

(June to August weekdays between 2 pm and 6 pm) valued
at peak weather
=0.66 """

average system efficiency to be higher than this minimum, the likely degradation of
efficiencies over time mean that using the minimum standard is appropriate.

118 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.

119 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.
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Annual Fossil Fuel Savings Algorithm

For homes with Fossil Fuel Heating:

Methodology 1: Modified Blower Door Subtraction

AMMBTU = (((ACFM25p. / (BtuH * 0.0126)) * FLHheat * BtuH )/

1,000,000 / nHeat
Where:

ACFM25p, = Duct leakage reduction in CFM25

BtuH = Capacity of Heating System (Btuh)
= Actual

0.0126 = Conversion of Capacity to CFM (0.0126CFM / Btuh)'®

FLHheat = Full Load Heating Hours
= 620121

nHeat = Efficiency of Heating equipment

= Actual', If not available use 84%'%,

For example, duct sealing in a house with a 100,000Btuh, 80% AFUE
natural gas furnace and with the blower door results described above:

Energy Savings:
AMMBTU = (((119 / (100,000 * 0.0126)) * 620 * 100,000 ) / 1,000,000
/0.80

= 7.3 MMBtu

'20 Based on Natural Draft Furnaces requiring 100 CFM per 10,000 BTU, Induced Draft Furnaces
requiring 130CFM per 10,000BTU and Condensing Furnaces requiring 150 CFM per 10,000 BTU
(rule of thumb from http://contractingbusiness.com/enewsletters/ cb_imp_43580/). Data
provided by GAMA during the federal rule-making process for furnace efficiency standards,
suggested that in 2000, 32% of furnaces purchased in Maryland were condensing units.
Therefore a weighted average required airflow rate is calculated assuming a 50:50 split of
natural v induced draft non-condensing furnaces, as 126 per 10,000BTU or 0.0126/ Btu.

"' Based on assumption from BG&E billing analysis of furnace program in the '90s, from
conversation with Mary Straub; “Evaluation of the High efficiency heating and cooling program,
technical report”, June 1995. For other utilities offering this measure, a Heating Degree Day
adjustment may be appropriate to this FLHheat assumption.

122 |deally, the System Efficiency should be obtained either by recording the AFUE of the unit,
or performing a steady state efficiency test.

"2 The equipment efficiency default is based on data provided by GAMA during the federal
rule-making process for furnace efficiency standards, suggesting that in 2000, 32% of furnaces
purchased in Maryland were condensing units. Assuming an efficiency of 92% for the condensing
furnaces and 80% for the non-condensing furnaces gives a weighted average of 83.8%.
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Methodology 2: Evaluation of Distribution Efficiency

AMMBTUfossil fuel = ((((DEafter - DEbefore)/ DEafter)) * FLHheat * BtuH ) /
1,000,000 / nHeat

Where:
DEafter = Distribution Efficiency after duct sealing
DEpefore = Distribution Efficiency before duct sealing
FLHheat = Full Load Heating Hours
- 620124
BtuH = Capacity of Heating System
= Actual
nHeat = Efficiency of Heating equipment

= Actual'. If not available use 84%'*°.

For example, duct sealing in a fossil fuel heated house with a 100,000Btuh, 80%
AFUE natural gas furnace, with the following duct evaluation results:

DEpefore = 0.80
DEafter = 0.90
Energy Savings:
AMMBTU = ((0.90 - 0.80)/0.90) * 620 * 100,000 ) / 1,000,000 /
0.80
= 8.6 MMBtu

Annual Water Savings Algorithm
n/a

124 pased on assumption from BG&E billing analysis of furnace program in the '90s, from
conversation with Mary Straub; “Evaluation of the High efficiency heating and cooling program,
technical report”, June 1995. For other utilities offering this measure, a Heating Degree Day
adjustment may be appropriate to this FLHheat assumption.

125 | deally, the System Efficiency should be obtained either by recording the AFUE of the unit,
or performing a steady state efficiency test.

126 The equipment efficiency default is based on data provided by GAMA during the federal
rule-making process for furnace efficiency standards, suggesting that in 2000, 32% of furnaces
purchased in Maryland were condensing units. Assuming an efficiency of 92% for the condensing
furnaces and 80% for the non-condensing furnaces gives a weighted average of 83.8%.
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Incremental Cost

The incremental cost for this measure should be the actual labor and
material cost to seal the ducts.

Measure Life
The measure life is assumed to be 20 years'?.

Operation and Maintenance Impacts
n/a

277 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.

http:// Www.ctsavesenergy.org/files/ Measure%20Life%20Report%202007. pdf
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Air Source Heat Pump

Unique Measure Code: RS_HV_TOS_ASHP_V2.0711
Effective Date: July 2011
End Date:

Measure Description

This measure relates to the installation of a new Air Source Heat Pump
split system meeting ENERGY STAR efficiency standards presented below. The
measure could be installed in either an existing or new home. The installation
is assumed to occur during a natural time of sale.

Efficiency Level HSPF SEER Rating EER Rating'*
Federal Standard 7.7 13 11
ENERGY STAR 8.2 14.5 12

Definition of Baseline Condition
The baseline condition is an Air Source Heat Pump split system that
meets the minimum Federal standards defined above.

Definition of Efficient Condition
The efficient condition is an Air Source Heat Pump split system that
meets the ENERGY STAR standards defined above.

Annual Energy Savings Algorithm

AKWH = (FLHcool * BtuH * (1/SEERbase - 1/SEERee))/1,000 +
(FLHheat * BtuH * (1/HSPFbase - 1/HSPFee))/1,000

Where:
FLHcool = Full Load Cooling Hours
= Dependent on location as below:

128 HopF, SEER and EER refer to Heating Seasonal Performance Factor, Seasonal Energy
Efficiency Ratio and Energy Efficiency Ratio, respectively.
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Location FLHcool
Wilmington, DE 513 '¥
Baltimore, MD 531
Washington, DC 668
BtuH = Capacity of Air Source Heat Pump (1 ton =
12,000Btuh)
= Actual
SEERbase = Efficiency in SEER of baseline Air Source Heat
Pump
=1 3131
SEERee = Efficiency in SEER of efficient Air Source Heat
Pump
= Actual
FLHheat = Full Load Heating Hours
= Dependent on location as below:
Location FLHheat
Wilmington, DE 1,291™
Baltimore, MD 1,195™
Washington, DC 1,134
HSPFbase = Heating Seasonal Performance Factor of baseline
Air Source Heat Pump
= 7.7 134

" Full Load Cooting Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying BG&E’s full load hours determined for Baltimore (531 from the research referenced
below) by the ratio of full load hours in Wilmington, DE (1,015) or Washington, DC (1,320) to
Baltimore MD (1,050) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/ bulk_purchasing/bpsavings_calc/ Calc_CAC.xls)

130 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research.

' Minimum Federal Standard

32 Full Load Heating Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying BG&E’s full load hours determined for Baltimore (1195 from the research
referenced below) by the ratio of full load hours in Wilmington, DE (2346) or Washington, DC
(2061) to Baltimore MD (2172) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/ bulk_purchasing/bpsavings_calc/ ASHP_Sav_Calc.xls)
' Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research.

13 Minimum Federal Standard
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HSPFee = Heating Seasonal Performance Factor of efficient
Air Source Heat Pump
= Actual

For example, a 3 ton unit with a SEER rating of 14.5 and HSPF of 8.4 in
Baltimore, MD:

AKWH = (531 * 36,000 * (1/13 - 1/14.5))/1,000 + (1,195 * 36,000 *
(1/7.7 - 1/8.4))/1,000

= 618 kWh
Summer Coincident Peak kW Savings Algorithm
AKW = BtuH * (1/EERbase - 1/EERee))/1,000 * CF

Where:

EERbase = Energy Efficiency Ratio (EER) of Baseline Air
Source Heat Pump
=11 135

EERee = Energy Efficiency Ratio (EER) of Efficient Air
Source Heat Pump
= Actual
If EER is unknown, calculate based on SEER™:
= (-0.02 * SEER?) + (1.12 * SEER)

CFssp = Summer System Peak Coincidence Factor for
Central A/C (hour ending 5pm on hottest summer
weekday)
=0.69 "

CFpm = PJM Summer Peak Coincidence Factor for Central
A/C (June to August weekdays between 2 pm and 6
pm) valued at peak weather
= 0.66 "

135 Minimum Federal Standard

136 Wassmer, M. (2003). A Component-Based Model for Residential Air Conditioner and Heat
Pump Energy Calculations. Master’s Thesis, University of Colorado at Boulder. Note this is
appropriate for single speed units only.

137 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.

138 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.
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For example, a 3 ton unit with EER rating of 12.0 in Baltimore, MD:
AKW = 36,000 * (1/11 - 1/12))/1,000 * 0.69
= 0.19 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure is provided in the table below'.
Note these incremental costs are per ton of capacity, so for example a 3 ton,
15 SEER unit would have an incremental cost of $822.

Efficiency Incremental Cost
(SEER) per Ton of
Capacity
14 $137
15 5274
16 S411
17 $548
18 $685

Measure Life
The measure life is assumed to be 18 years'¥,

Operation and Maintenance Impacts
n/a

'? DEER 2008 Database Technology and Measure Cost Data (www.deeresources.com).

' Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.

http://www.ctsavesenergy.org/files/Measure%20Li fe%20Report%202007.pdf
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HE Gas Boiler

Unique Measure Code: RS_HV_TOS_GASBLR_V2.0711
Effective Date: July 2011
End Date:

Measure Description

This measure characterization provides savings for the purchase and
installation of a new residential sized ENERGY STAR-qualified high efficiency
gas-fired boiler for residential space heating, instead of a new baseline gas
boiler. The measure could be installed in either an existing or new home. The
installation is assumed to occur during a natural time of sale.

Definition of Baseline Condition
The baseline condition is a boiler that meets the minimum Federal
baseline AFUE for boilers of 80 %.

Definition of Efficient Condition
The efficient condition is an ENERGY STAR qualified boiler with an AFUE
rating > 85%.

Annual Energy Savings Algorithm
n/a

Summer Coincident Peak kW Savings Algorithm
n/a

Annual Fossil Fuel Savings Algorithm
AMMBtu = (FLHheat * (Btuh/AFUEbase - Btuh/AFUEee)) /1,000,000
Where:

FLHheat = Full Load Heating Hours
- 620141

4! Based on assumption from BG&E billing analysis of furnace program in the '90s, from
conversation with Mary Straub; “Evaluation of the High efficiency heating and cooling program,
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BtuH = Capacity of Boiler
= Actual
AFUEbase = Efficigiz'rcy in AFUE of baseline boiler
=0.80
AFUEee = Efficiency in AFUE of efficient boiler
= Actual

For example, the purchase and installation of a 100,000 Btuh, 90% AFUE
boiler:

AMMBtu = (620 * (100,000/0.8 - 100,000/0.9)) /1,000,000
= 8.6 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is provided below':

Efficiency of | Incremental
Boiler (AFUE) Cost
85% - 90% $934
91% + $1481

Measure Life
The measure life is assumed to be 18 years' .

Operation and Maintenance Impacts
n/a

technical report”, June 1995. For other utilities offering this measure, a Heating Degree Day
adjustment may be appropriate to this FLHheat assumption.

"2 Federal baseline AFUE for boilers.

3 Costs derived from Page E-13 of Appendix E of Residential Furnaces and Boilers Final Rule
Technical Support Document:
http://www1.eere.energy.gov/buildings/appliance_standards/residential/fb tsd 0907.html
VEIC believes it is reasonable to assume that the cost provided from this study for an 85% unit
is appropriate for units in the 85-90% AFUE range and the cost for the 91% unit can be used for
91+% units. This is based on the observation that most of the products available in the 85-90
range are in the lower end of the range, as are those units available above 91% AFUE.

'“ Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.

http://www.ctsavesenergy.org/files/Measure%20Li fe%20Report%202007. pdf
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Condensing Furnace (gas)

Unique Measure Code: RS_HV_TOS_GASFUR_V2.0711
Effective Date: July 2011
End Date:

Measure Description

This measure characterization provides savings for the purchase and
installation of a new residential sized ENERGY STAR-qualified high efficiency
gas-fired condensing furnace for residential space heating, instead of a new
baseline gas furnace. The measure could be installed in either an existing or
new home. The installation is assumed to occur during a natural time of sale.

Definition of Baseline Condition
145The baseline condition is a non-condensing gas furnace with an AFUE of
80 %',

Definition of Efficient Condition

The efficient condition is an ENERGY STAR qualified gas-fired condensing
furnace with an AFUE rating > 90%.

Annual Energy Savings Algorithm

n/a. Note, if the furnace has an ECM fan, electric savings should be
claimed as characterized in the “Central Furnace Efficient Fan Motor” section
of the TRM.

Surmnmer Coincident Peak kW Savings Algorithm
n/a

Annual Fossil Fuel Savings Algorithm
AMMBtu = (FLHheat * (Btuh/AFUEbase - Btuh/AFUEee)) /1,000,000

Where:

45 The Federal baseline for furnaces is actually 78%, however experience suggests a more
suitable market baseline is 80% AFUE.
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FLHheat = Full Load Heating Hours
- 620146
BtuH = Capacity of Furnace
= Actual
AFUEbase = Efficiency in AFUE of baseline Furnace
=0.80
AFUEee = Efficiency in AFUE of efficient Furnace
= Actual

For example, the purchase and installation of a 100,000 Btuh, 92% AFUE
furnace:

AMMBtu = (620 * (100,000/0.8 - 100,000/0.92)) /1,000,000
=10.1 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is provided below'*:

Efficiency of | Incremental
Furnace (AFUE) Cost
90% $630
92% $802
96% $1,747

Measure Life
The measure life is assumed to be 18 years',

Operation and Maintenance Impacts
n/a

' Based on assumption from BG&E billing analysis of furnace program in the '90s, from
conversation with Mary Straub; “Evaluation of the High efficiency heating and cooling program,
technical report”, June 1995. For other utilities offering this measure, a Heating Degree Day
adjustment may be appropriate to this FLHheat assumption.

7 Costs derived from Page E-3 of Appendix E of Residential Furnaces and Boilers Final Rule
Technical Support Document:

http://www1.eere.energy.gov/ buildings/appliance_standards/residential/ fb_tsd_0907.htm!
%8 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.

http://www.ctsavesenergy.org/files/ Measure%20Life%20Report%202007. pdf
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Programmable Thermostat

Unique Measure Code: RS_HV_RTR_PRGTHE_V2.0711
Effective Date: July 2011
End Date:

Measure Description

Programmable Thermostats can save energy through the advanced
scheduling of setbacks to heating setpoints. Typical usage reduces the heating
setpoint during times of the day when occupants are usually not at home (e.g.
work hours) or during the night.

Note, savings are only provided for the reduction in heating load for
fossil fuel fired heating systems. A literature review could not find any
appropriate defensible source of cooling savings from programmable
thermostats. It is inappropriate to assume a similar pattern of savings from
setting your thermostat down during the heating season and up during the
cooling season.

This is a retrofit measure.
Definition of Baseline Condition

A standard, non-programmable thermostat for central heating system
(baseboard electric is excluded from this characterization).
Definition of Efficient Condition

A programmable thermostat is installed and programmed by a
professional.

Annual Energy Savings Algorithm
n/a

Summer Coincident Peak kW Savings Algorithm
n/a

Annual Fossil Fuel Savings Algorithm

AMMBtu = (Savings %) x (Heat Load)
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Where:
Savings % = Estimated percent reduction in heating load due to
programmable thermostat
= 6.8%
Heat Load = Annual Home Heating load (MMBtu)
=50.1 "
AMMBtu = 0.068 * 50.1
= 3.41 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure should be the actual unit cost and
if installed via program administrators should also include labor cost'".

Measure Life
The measure life is assumed to be 10 years'?2,

Operation and Maintenance Impacts
n/a

2007, RLW Analytics, “Validating the Impact of Programmable Thermostats”

"0 50.1 MMBtu heating load is estimated based on the MD Residential Baseline Database,
subtracting Base load from Base + Heat.

> The range of costs observed in VEIC’s review of other utilities TRMs was $35-540 for the
unit, $100 for labor. In the absence of actual program costs, this cost could be used.

32 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.

http://www.ctsavesenergy.org/ files/Measure%ZOLife%20Report%202007.pdf
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Room Air Conditioner Early Replacement

Unique Measure Code: RS_HV_RTR_RA/CES_V2.0711
Effective Date: July 2011
End Date:

Measure Description

This measure describes the early removal of an existing inefficient Room
Air Conditioner unit from service, prior to its natural end of life, and
replacement with a new ENERGY STAR qualifying unit. This measure is suitable
for a Low Income or a Home Performance program.

Savings are calculated between the existing unit and the new efficient
unit consumption during the assumed remaining life of the existing unit, and
between a hypothetical new baseline unit and the efficient unit consumption
for the remainder of the measure life.

This is a retrofit measure.

Definition of Baseline Condition

The baseline condition is the existing inefficient room air conditioning
unit for the remaining assumed useful life of the unit, and then for the
remainder of the measure life the baseline becomes a new replacement unit
meeting the minimum federal efficiency standard (i.e. with an efficiency rating
of 9.8EER).

Definition of Efficient Condition

The efficient condition is a new replacement room air conditioning unit
meeting the ENERGY STAR efficiency standard (i.e. with an efficiency rating
greater than or equal to 10.8EER).
Annual Energy Savings Algorithm

Savings for remaining life of existing unit (1st 3 years)
AkWh = (Hours * BtuH * (1/EERexist - 1/EERee))/1,000

Savings for remaining measure life (next 9 years)
AkWh = (Hours * BtuH * (1/EERbase - 1/EERee))/1,000
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Where:
Hours = Run hours of Window AC unit
= 325 1%
Btuh = Capacity of replaced unit
= Actual or 8,500 if unknown ***
EERexist = Effi%'gncy of existing unit in Btus per Watt-hour
=7.7
EERbase = Efficiency of baseline unit in Btus per Watt-hour
= 9.8 156
EERee = Efficiency of ENERGY STAR unit in Btus per Watt-hour
= Actual

For example, an 8,500 Btuh Room AC unit with an EER rating of 10.8:

Savings for remaining life of existing unit (1st 3 years)

AkWh = (325 * 8,500 * (1/7.7- 1/10.8)) / 1,000
=103 kWh
Savings for remaining measure life (next 9 years)
AkWh = (325 * 8,500 * (1/9.8- 1/10.8)) / 1,000
=26 kWh

Summer Coincident Peak kW Savings Algorithm

Savings for remaining life of existing unit (1st 3 years)
AKW = ((BtuH * (1/EERexist - 1/EERee))/1000) * CF

'3 VEIC calculated the average ratio of FLH for Room AC (provided in RLW Report: Final Report
Coincidence Factor Study Residential Room Air Conditioners, June 23, 2008) to FLH for Central
Cooling (provided by AHRI:

http://www.energystar.gov/ia/business/bulk_purchasing/ bpsavings_calc/Calc_CAC.xls) at
31%. Applying this to the FLH for Central Cooling provided for Baltimore (1050) we get 325 FLH
for Room AC.

134 Based on maximum capacity average from RLW Report: Final Report Coincidence Factor
Study Residential Room Air Conditioners, June 23, 2008.

'%5 Based on Nexus Market Research Inc, RLW Analytics, December 2005; “Impact, Process, and
Market Study of the Connecticut Appliance Retirement Program: Overall Report.”

' Minimum Federal Standard for capacity range.
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Savings for remaining measure life (next 9 years)
AKW = ((BtuH * (1/EERbase - 1/EERee))/1000) * CF

Where:
CFssp = Summer System Peak Coincidence Factor for Central A/C
(hour ending 5pm on hottest summer weekday)
=0.31"
CFrm = PJM Summer Peak Coincidence Factor for Central A/C

(June to August weekdays between 2 pm and 6 pm) valued
at peak weather
= 0.3

For example, a 8500 Btuh Room AC unit with an EER rating of 10.8

Savings for remaining life of existing unit (1st 3 years)

AkWssp = ((8,500 * (1/7.7- 1/10.8)) / 1,000) * 0.31
= 0.098 kW
Savings for remaining measure life (next 9 years)
AkWisp = ((8,500 * (1/9.8- 1/10.8)) / 1,000) * 0.31
= 0.025 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure should be the actual cost of the
replacement unit and any cost of installation labor.

157 Calculated by multiplying the ratio of SSP:PJM for the Central AC measure (0.69:0.66) to the
assumption for PJM.

158 Consistent with coincidence factors found in:

RLW Report: Final Report Coincidence Factor Study Residential Room Air Conditioners, June 23,
2008

(http:/ /www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid
/117_RLW_CF%20Res%20RAC. pdf).
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Note, the deferred baseline replacement cost is presented under
Operation and Maintenance Impacts.

Measure Life

The measure life is assumed to be 12 years'. Note this characterization
also assumes there is 3 years of remaining useful life of the unit being
replaced'®.

Operation and Maintenance Impacts

The net present value of the deferred replacement cost (the cost
associated with the replacement of the existing unit with a standard unit that
would have occurred in 3 years, had the existing unit not been replaced) should
be calculated as:

NPV deferred replacement cost = (Actual Cost of ENERGY STAR unit - $40'%") * 69%'2.

Note that this is a lifecycle cost savings (i.e. a negative cost).

' Measure Life Report, Residential and Commercial/Industriat Lighting and HVAC Measures,
GDS Associates, June 2007.
http://www.ctsavesenergy.org/files/Measure%20Life%20Report%202007. pdf

160 Based on Connecticut TRM; Connecticut Energy Efficiency Fund; CL&P and Ul Program
Savings Documentation for 2008 Program Year

'$! Incremental cost of ENERGY STAR unit over baseline unit; consistent with Time of Sale Room
AC measure.

"2 69% is the ratio of the Net Present Value (with a 5% discount rate) of the annuity payments
from years 4 to 12 of a deferred replacement of a standard efficiency unit. The calculation is
done in this way to allow the use of the known ENERGY STAR replacement cost to calculate an
appropriate baseline replacement cost.
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Room Air Conditioner Early Retirement /
Recycling

Unique Measure Code: RS_HV_ERT_RA/C_V2.0711
Effective Date: July 2011
End Date:

Measure Description

This measure describes the savings resulting from implementing a drop
off service taking existing working inefficient Room Air Conditioner units from
service, prior to their natural end of life. This measure assumes that a
percentage of these units will ultimately be replaced with a baseline standard
efficiency unit (note that if it is actually replaced by a new ENERGY STAR
qualifying unit, the savings increment between baseline and ENERGY STAR
should be captured under the ENERGY STAR Room AC Time of Sale measure).

Definition of Baseline Condition
The baseline condition is the existing inefficient room air conditioning
unit.

Definition of Efficient Condition

Not applicable. This measure relates to the retiring of an existing
inefficient unit. A percentage of units however are assumed to be replaced
with a baseline new unit and the savings are therefore reduced to account for
these replacement units.

Annual Energy Savings Algorithm

AkWh = ((Hours * BtuH * (1/EERexist))/1 ,000) -
(%replaced * ((Hours *BtuH * (1 /EERnewbase))/
1,000)

Where:
Hours - Run hours of Window AC unit
=325 %

163 yEIC calculated the average ratio of FLH for Room AC (provided in RLW Report. Final Report
Coincidence Factor Study Residential Room Air Conditioners, June 23, 2008) to FLH for Central
Cooling (provided by AHRI:

http:// www.energystar.gov/ia/ business/bulk_purchasing/ bpsavings_calc/ Calc_CAC.xls) at
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Btu/hour = Capacity of replaced unit
= Actual or 8,500 if unknown 6
EERexist = Efficiency of existing unit in Btus per Watt-hour
= Actual or 7.7 if unknown 1¢°
%replaced = Percentage of units dropped off that are replaced in the
home
= 76% 166
EERnewbase = Effi1c6i7ency of new baseline unit in Btus per Watt-hour
.8

For example, the turn in of an 8,500 Btuh, 7.7 EER unit:

AkWh = ((325 * 8,500 * (1/7.7))/1,000) -
(0.76 * ((325 * 8,500 * (1/9.8))/1,000)

= 145 kWh
Summer Coincident Peak kW Savings Algorithm

AKW = ((BtuH * (1 /EERexist))/1,000) -
(%replaced * ((BtuH * (1/ EERnewbase))/1 ,000) *CF
Where:
CFssp = Summer System Peak Coincidence Factor for Central A/C
(hour e1lggﬁng 5pm on hottest summer weekday)
=0.31

31%. Applying this to the FLH for Central Cooling provided for Baltimore ( 1050) we get 325 FLH
for Room AC.
"% Based on maximum capacity average from RLW Report: Final Report Coincidence Factor
Study Residential Room Air Conditioners, June 23, 2008.
% Based on Nexus Market Research Inc, RLW Analytics, December 2005; “Impact, Process, and
Market Study of the Connecticut Appliance Retirement Program: Overall Report.”

Based on Nexus Market Research Inc, RLW Analytics, December 2005; “Impact, Process, and
Market Study of the Connecticut Appliance Retirement Program: Overall Report.” Report states
that 63% were replaced with ENERGY STAR units and 13% with non-ENERGY STAR. However this
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CFpim - PJM Summer Peak Coincidence Factor for Central A/C
(June to August weekdays between 2 pm and 6 pm) valued
at peak weather
- 0.3169

For example, the turn in of an 8500 Btuh, 7.7 EER unit:

AkWssy - (8,500 * (1/7.7))/1,000) -
(0.76 * ((8,500 * (1/9.8))/1,000) * 0.31

= 0.9 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure should be the actual
implementation cost for recycling the existing unit, plus $129 to account for
the replacement of 76% of the units'”°.

Measure Life
The measure life is assumed to be 3 years'’".

Operation and Maintenance Impacts

The net present value of the deferred replacement cost (the cost
associated with the replacement of those units that would be replaced, with a
standard unit that would have had to have occurred in 3 years, had the existing
Lnit not been replaced) is calculated as $89.36'"%.

169 Consistent with coincidence factors found in:

RLW Report: Final Report Coincidence Factor Study Residential Room Air Conditioners, June 23,
2008

(http://www. puc.nh.gov/ Electric/ Monitoring%20and%ZOEvaluation%ZOReports/National%ZOGrid
/117_RLW_CF%20Res%20RAC. pdf).

170 $129 replacement cost is calculated by multiplying the percentage assumed to be replaced -
76% by the assumed cost of a standard efficiency unit of $170 (ENERGY STAR calculator;

http:// www.energystar.gov/ia/business/bulk_purchasing/ bpsavings_calc/ CalcutatorConsumerR
0omAC.xls); 0.76 * 170 = $129.2.

171 3 years of remaining useful life based on Connecticut TRM; Connecticut Energy Efficiency
Fund; CL&P and Ul Program Savings Documentation for 2008 Program Year

172 petermined by calculating the Net Present Vatue (with a 5% discount rate) of the annuity
payments from years 4 to 12 of a deferred replacement of a standard efficiency unit costing
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Domestic Hot Water (DHW) End Use

Low Flow Shower Head

Unique Measure Code(s): RS_WT_INS_SHWRHD_V1 .0510 and
RS_WT_TOS_SHWRH D_V1.0510

Effective Date: March 2011

End Date:

Measure Description

This measure relates to the installation of a low flow (2.0 GPM)
showerhead in a home., This is a retrofit direct install measure or a new
installation.

Definition of Baseline Condition
The baseline is a standard showerhead using 2.5 GPM.

Definition of Efficient Condition
The efficient condition is an energy efficient showerhead using 2.0 GPM.

Annual Energy Savings Algorithm
If electric domestic water heater:

AKWH'" = ((((GPMbase - GPMlow) / GPMbase) * # people *
gals/day * days/year) / SH/home * 8.3 * (TEMPsh -
TEMPin) / 1,000,000) / DHW Recovery Efficiency /
0.003412

Where:
GPMbase = Gallons Per Minute of baseline showerhead

multiplied by the 76%, the percentage of units being replaced (i.e. 0.76 * $170 = $129.2.
Baseline cost from ENERGY STAR calculator;

m.;p://www.enerqutar.qov/ia/business/bulk purchasing/bpsavings calc/CalculatorConsumerR
00mAC.xls)

173 Note, the algorithm and variables are provided as documentation for the deemed savings
result provided which should be claimed for all showerhead installations.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  p. 781.860.9177 Www.neep.org



@ ] REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 2.0 page 77 of 204

- 2.5 174

GPMlow = Gall1o7gs Per Minute of low flow showerhead
= 2.0

# people = Averq f number of people per household
= 2.56

gals/day = Averqg7e gallons per day used for showering
=11.6

daysly = Days shower used per year
= 365

Showers/home = A\;%rage number of showers in the home
= 1.6

8.3 = Constant to convert gallons to lbs

TEMPsh = Assu:'nned temperature of water used for shower
= 105

TEMPin = Ass%ned temperature of water entering house
=55

DHW Recovery Efficiency = Recoggory efficiency of electric water heater
=0.98
0.003412 - Constant to convert MMBtu to kWh

AKWH = (2.5 - 2.0) / 2.5) *2.56 * 11.6 * 365) / 1.6 * 8.3 * (105-
55) / 1,000,000) / 0.98 / 0.003412

174 The Energy Policy Act of 1992 (EPAct) established the maximum flow rate for showerheads
at 2.5 gallons per minute (gpm).

175 Connecticut Energy Efficiency Fund; CL&P and Ul Program Savings Documentation for 2008
Program Year.

176 |3 Energy Information Administration, Residential Energy Consumption Survey;

http:// www.eia.doe.gov/emeu/recs/ recs2005/hc2005_tables/ hc3demographics/pdf/tablehcl1
.3.pdf

177 Most commonly quoted vatue of gallons of water used per person per day (including in U.S.
Environmental Protection Agency’s “water sense” documents;

http:// www.epa.gov/watersense/ docs/home_suppstat508.pdf)

178 Etimate based on review of a number of studies:

a. Pacific Northwest Laboratory; "Energy Savings from Energy-Efficient Showerheads: REMP
Case Study Results, Proposed Evaluation Algorithm, and Program Design Implications”

http: //www.osti.gov/ bridge/purl.cover.jsp; jsessionid=80456EFOOAAB94DBZO4E848BAE65F1 997p
url=/10185385-CEKZMk/native/

b. East Bay Municipal Utility District; "Water Conservation Market Penetration Study”
http://www.ebmud.com/ sites/default/files/pdfs/ market_penetration_study_O.pdf

179 A good approximation of annual average water main temperature is the average annual
ambient air temperature. 55 degrees used based on:

http://twf.ncdc. noaa.gov/img/ documentlibrary/clim81supp3/ tempnormal_hires.jpg

180 Electric water heater have recovery efficiency of 98%:

http:/ /www.ahrinet.org/ ARI/util/showdoc.aspx?doc=576
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= 168 kWh
Summer Coincident Peak kW Savings Algorithm
AKW = AkWh/hours * CF

Where:

Hours = Average number of hours per year spent using shower
head
= (Gal/person * # people * 365) / SH/home / GPM / 60
=(11.6*2.56 *365) / 1.6 / 2.5 / 60
= 45 hours

CF = Summer Peak Coincidence Factor for measure

= 0.00371 '
AKW =168 / 45 * 0.00371
=0.0138 kW
Annual Fossil Fuel Savings Algorithm
If fossil fuel domestic water heater:
AMMBtu = ((((GPMbase - GPMlow) / GPMbase) * # people *

gals/day * days/year)) / SH/home * 8.3 * (TEMPsh -
TEMPin) / 1,000,000) / Gas DHW Recovery Efficiency

Where:
Gas DHW Recovery E, fficiency = Recovery efficiency of electric water
heater
=0.75 1%
All other variables As above
AMMBtu =((((2.5-2.0) / 2.5)*2.56*11.6 * 365)/1.6*8.3*

(105-55) / 1,000,000) / 0.75

8" Calculated as follows: Assume 9% showers take place during peak hours (based on:

http:/ /www.aquacraft.com/ Download_Reports/ DISAGGREGATED-HOT_WATER_USE.pdf)

9% * 7.42 minutes per day (11.6 *2.56 / 1.6 / 2.5 =7.42) = 0.668 minutes

= 0.668 / 180 (minutes in peak period) = 0.00371

"®2Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW units
of 70-87%. Average of existing units is estimated at 75%.
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= 0.7497 MMBtu
Annual Water Savings Algorithm

Water Savings = (((GPMbase - GPMlow) / GPMbase) * # people *
gals/day * days/year) / SH/home /748

Where:
748 - Constant to convert from gallons to CCF
All other variables As above

Water Savings = ((((2.5-2.0) / 2.5) * 2.56 *11.6 * 365)) / 1.6 /
748

=1.81 CCF

Incremental Cost

As a retrofit measure, the incremental cost will be the actual cost of
installing the new showerhead. As a time of sale measure, the incremental cost
is assumed to be $6."®

Measure Life
The measure life is assumed to be 10 years. '®*

Operation and Maintenance Impacts

When a retrofit measure, there would be a very small O&M benefit
associated with the deferral of the next replacement, but this has
conservatively not been characterized.

183 Navigant Consulting, Ontario Energy Board, “Measures and Assumptions for Demand Side
Management (DSM) Planning”, April 2009.

184 Consistent with assumptions provided on page C-6 of Measure Life Report, Residential and
Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007.

(http:/ /neep.org/ uploads/EMV%20Forum/ EMV%20Studies/measure_life_GDS%5B1 %5D.pdf)
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Faucet Aerators

Unique Measure Code(s): RS_WT_INS_FAUCET_V1.0510 and
RS_WT_TOS_FAUCET_V1 .0510

Effective Date: May 2010

End Date:

Measure Description

This measure relates to the installation of a low flow (1.5 GPM) faucet
aerator in a home. This could be a retrofit direct install measure or a new
installation.

Definition of Baseline Condition
The baseline is a standard faucet aerator using 2.2 GPM.

Definition of Efficient Condition

The efficient condition is an energy efficient faucet aerator using 1.5
GPM.

Annual Energy Savings Algorithm
If electric domestic water heater:
AKWH'® = (((((GPMbase - GPMlow) / GPMbase) * # people *

gals/day * days/year * DR) / (F/home)) * 8.3 * (TEMPft -
TEMPin) / 1,000,000) / DHW Recovery Efficiency /

0.003412
Where:
GPMbase = Gallglgs Per Minute of baseline faucet
=22
GPMlow = Gall%rs Per Minute of low flow faucet
=1.5

"% Note, the algorithm and variables are provided as documentation for the deemed savings
result provided which should be claimed for all faucet aerator installations.

" In 1998, the Department of Energy adopted a maximum flow rate standard of 2.2 gpm at 60
psi for all faucets: 63 Federal Register 13307; March 18, 1998.

"7 Connecticut Energy Efficiency Fund; CL&P and Ul Program Savings Documentation for 2008
Program Year.
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# people = Averq Be number of people per household
= 2.56
gals/day = Average gallons per day used by faucet
=10.9™
days/y = Days faucet used per year
= 365
DR = Percentage of water flowing down drain (if water is

collected in a sink, a faucet aerator will not result in any
saved water)
- 50% 190
F/home = Avergge number of faucets in the home
=3.5
8.3 = Constant to convert gallons to lbs
TEMPft = Ass%ned temperature of water used by faucet
=80
TEMPin = Ass%ned temperature of water entering house
=55
DHW Recovery Efficiency = ReCO\;%ry efficiency of electric water heater
=0.98

0.003412 = Constant to co;':verts MMBtu to kWh

AKWH = (2.2 - 1.5) / 2.2) * 2.56 * 10.9 * 365 * 0.5) / 3.5 " 8.3
(80-55) / 1,000,000) / 0.98 / 0.003412

=29 kWh

188 1S Energy Information Administration, Residential Energy Consumption Survey;

http:/ Jwww.eia.doe.gov/emeu/recs/ recs2005/hc2005_tables/hc3demographics/ pdf/tablehci1
.3.pdf

189 Most commonly quoted value of gallons of water used per person per day (including in U.S.
Environmental Protection Agency’s “water sense” documents;

http://www.epa.gov/ watersense/docs/home_suppstat508.pdf)

190 Estimate consistent with Ontario Energy Board, "Measures and Assumptions for Demand Side
Management Planning.”

191 Estimate based on East Bay Municipal Utility District; "Water Conservation Market
Penetration Study”

http://www.ebmud.com/ sites/default/files/pdfs/ market_penetration_study_0.pdf

192 A good approximation of annual average water main temperature is the average annual
ambient air temperature. 55 degrees used based on:

http://twf.ncdc.noaa.gov/ img/documentlibrary/clim81 supp3/tempnormal_hires.jpg

193 Electric water heater have recovery efficiency of 98%:

http:// www.ahrinet.org/ARI/util/ showdoc.aspx?doc=576
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Summer Coincident Peak kW Savings Algorithm

AKW = AkWh/hours * CF

Where:
Hours = Average number of hours per year spent using faucet
= (Gal/person * # people * 365) /(F/home) / GPM / 60
=(10.9*2.56 *365) / 3.5/ 2.2 / 60
= 22 hours
CF = Summer Peak Coincidence Factor for measure
= 0. 00262 '

AKW =29 /22 *0.00262
=0.0034 kw
Annual Fossil Fuel Savings Algorithm
If fossil fuel domestic water heater, MMBtu savings provided below:
AMMBtu = ((((GPMbase - GPMlow) / GPMbase) * # people *

gals/day * days/year * DR) / (F/home) * 8.3 * (TEMPft -
TEMPin) / 1,000,000) / Gas DHW Recovery Efficiency

Where:
Gas DHW Recovery E fficiency = Recovery efficiency of electric water
heater
=0.75 1%
All other variables As above

AMMBtu = ((((2.2 - 1.5) / 2.2) * 2.56 * 10.9 * 365 * 0.5)/3.5*
8.3 * (80-55) / 1,000,000) / 0.75

= 0.128 MMBtu

"% Calculated as follows: Assume 13% faucet use takes place during peak hours (based on:
http://www.aquacraft.com/ Download_Reports/ DISAGGREGATED-HOT_WATER_USE. pdf)
13% * 3.6 minutes per day (10.9*2.56 /3.5/2.2 = 3.6) = 0.47 minutes

= 0.47 / 180 (minutes in peak period) = 0.00262

'% Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW
units of 70-87%. Average of existing units is estimated at 75%.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  p: 781.860.9177 Www.neep.org



@ ]} REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 2.0 Page 83 of 204
Annual Water Savings Algorithm

Water Savings = (((GPMbase - GPMlow) / GPMbase) * # people *
gals/day * days/year * DR) / (F/home) /748

Where:
748 = Constant to convert from gallons to CCF
All other variables As above

Water Savings = (((2.2 - 1.5) / 2.2) * 2.56 * 10.9 * 365 * 0.5) / 3.5
/ 748

= 0.619 CCF

Incremental Cost

As a retrofit measure, the incremental cost will be the actual cost of
installing the new aerator. As a time of sale measure, the incremental cost is
assumed to be $2."%

Measure Life
The measure life is assumed to be 5 years."”’

Operation and Maintenance Impacts

When a retrofit measure, there would be a very small O&M benefit
associated with the deferral of the next replacement, but this has
conservatively not been characterized.

19% Navigant Consulting, Ontario Energy Board, “Measures and Assumptions for Demand Side
Management (DSM) Planning”, April 2009.
197 Conservative estimate based on review of TRM assumptions from other States.
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Domestic Hot Water Tank Wrap

Unique Measure Code(s): RS_WT_INS_HWWRAP_V1 .0510
Effective Date: May 2010
End Date:

Measure Description

This measure relates to a Tank Wrap or insulation “blanket” that is
wrapped around the outside of a hot water tank to reduce stand-by losses. This
measure applies only for homes that have an electric water heater that is not
already well insulated.

Definition of Baseline Condition

The baseline condition is a standard electric domestic hot water tank
without an additional tank wrap.
Definition of Efficient Condition

The efficient condition is the same standard electric domestic hot water
tank with an additional tank wrap.

Annual Energy Savings Algorithm

AkWH = KWHbase * ((EFnew - EFbase)/EFnew)

Where:
KWHbase = Average KWH consumption of electric domestic hot water
tank = 3460 '%
EFnew = Assumed efficiency of electric tank with tank wrap
installed
=0.88 '

1% Assumption taken from; Residential Water Heaters Technical Support Document for the
January 17, 2001, Final Rule

Table 9.3.9, p9-34,

http://www1 -eere.energy.gov/buildings/appliance_standards/ residential/pdfs/09.pdf
Consistent with FEMP study; Field Testing of Pre-Production Prototype Residential Heat Pump
Water Heaters

http://www1 -eere.energy.gov/femp/pdfs/ti r_heatpump.pdf

"% The Oak Ridge study predicted that wrapping a 40 gal water heater would increase Energy
Factor of a 0.86 electric DHW tank by 0.02 (to 0.88);
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EFbase - Assumed efficiency of electric tank without tank wrap
installed
=0 86 199

AKWH = 3460 * ((0.88-0.86)/0.88)

=79 KWh

summer Coincident Peak kW Savings Algorithm
AkW = AkWh/8760

Where:
AkWh = kWh savings from tank wrap installation
8760 = Number of hours in a year (since savings are assumed to
be constant over year).

AkW =79/ 8760
= 0.0090 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure will be the actual cost of
installing the tank wrap.

Measure Life
The measure life is assumed to be 5 years.”®

Operation and Maintenance Impacts
n/a

“Meeting the Challenge: The Prospect of Achieving 30 percent Energy Savings Through the
Weatherization Assistance Program” by the Oak Ridge National Laboratory - May 2002.
http://www.cee1.org/eval/ db_pdf/309.pdf

200 ¢ onservative estimate that assumes the tank wrap is installed on an existing unit with 5
years remaining life.
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DHW pipe insulation

Unique Measure Code: RS_WT_RTR_PIPEIN_V2.0711
Effective Date: July 2011
End Date:

Measure Description

This measure describes adding insulation to un-insulated domestic hot
water pipes. The measure assumes the pipe wrap is installed to the first elbow
of the hot water carrying pipe.

Note, the algorithm provided to calculate savings may be used to
determine an appropriate deemed savings value if the programs can provide
appropriate average values for each of the variables.

This is a retrofit measure.

Definition of Baseline Condition
The baseline condition is un-insulated hot water carrying copper pipes.

Definition of Efficient Condition
To efficiency case is installing pipe wrap insulation to the first elbow of
the hot water carrying copper pipe.

Annual Energy Savings Algorithm

If electric domestic hot water tank:

AkWh = ((1/Rexist - 1/Rnew) * (L * C) * AT * 8,760)/ nDHW / 3413

Where:
Rexist = Ass:.gg}ed R-value of existing uninsulated piping
=1.0
Rnew = R-value of existing pipe plus installed insulation
= Actual

201 Navigant Consulting Inc., April 2009; “Measures and Assumptions for Demand Side
Management (DSM) Planning; Appendix C Substantiation Sheets”, p77, presented to the Ontario
Energy Board:

http://www.oeb.gov.on.ca/OEB/ Documents/EB-2008-

0346/Navigant_Appendix C substantiation_sheet 20090429.pdf
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Length = Length of piping insulated
= Actual

Circumference = Circumference of piping
= Actual (0.5” pipe = 0.13ft, 0.75” pipe = 0.196ft)

AT = Temperature difference between water in pipe and
ambient air
- 65 °F 202

8,760 = Hours per year

nDHW = DHW Recovery efficiency (nDHW)
= 0.98 %%

3413 = Conversion from Btu to kWh

For example, insulating 4 feet of 0.75” pipe with R-3.5 wrap:
AKWh = ((1/1.0 - 1/4.5) * (4*0.196) * 65 * 8,760)/ 0.98 / 3,413

=104 kWh

summer Coincident Peak kW Savings Algorithm
AKW = AkWh/8,760
For example, insulating 4 feet of 0.75” pipe with R-3.5 wrap:
AkW =104 /8,760
=0.012 kW
Annual Fossil Fuel Savings Algorithm

If fossil fuel DHW unit:

AMMBtu = ((1/Rexist - 1/Rnew) * (L*C) * AT * 8,760) / nDHW /1,000,000

Where:
nDHW = Recovery efficiency of gas hot water heater

202 pccumes 130°F water leaving the hot water tank and average temperature of basement of
65°F.

203 Electric water heaters have recovery efficiency of 98%:

http://www.ahrinet.org/ARI/ util/showdoc.aspx?doc=576
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= 0.75 24

For example, insulating 4 feet of 0.75” pipe with R-3.5 wrap:
AMMBtu = ((1/1.0 - 1/4.5) * (4* 0.196) * 65 * 8,760)/ 0.75 / 1,000,000
= 0.46 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure should be the actual cost of
material and labor. If this is not available, assume $3 per foot of insulation?®,

Measure Life
The measure life is assumed to be 15 years2®,

Operation and Maintenance Impacts
n/a

204 Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW
units of 70-87%. Average of existing units is estimated at 75%

2% Consistent with DEER 2008 Database Technology and Measure Cost Data
(www.deeresources.com).

7% Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Assaciates, June 2007.

http:// www.ctsavesenergy.org/files/ Measure%20Life%20Report%202007. pdf
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High Efficiency Gas Water Heater

Unique Measure Code: RS_WT_TOS_GASDHW_V2.0711
Effective Date: July 2011
End Date:

Measure Description

This measure describes the purchase of a high efficiency gas water
heater meeting or exceeding ENERGY STAR criteria for the water heater
category provided below, in place of a new unit rated at the minimum Federal
Standard. The measure could be installed in either an existing or new home.
The installation is assumed to occur during a natural time of sale.

Definition of Baseline Condition
The baseline condition is a new 50 gallon conventional gas storage water
heater rated at the federal minimum 0.58 EF*"’.

Definition of Efficient Condition

The efficient condition is a new high efficiency gas water heater
meeting or exceeding the minimum efficiency Energy Star qualification criteria
provided below?®:

Water Heater Type Energy
Factor

High Efficiency Gas 0.67

Storage

Gas Condensing 0.80

Whole Home Gas 0.82

Tankless

207 The Baseline Energy Factor is based on the Federal Minimum Standard for a standard 50
gallon storage water heater. Currently this is calculated as 0.67 - (0.0019 * Rated Volume) =
0.575 EF. This ruling can be found here:

http://www1.eere.energy.gov/ buildings/appliance_standards/ residential/pdfs/water_heater_f
r.pdf

Please note that there is a new standard that will come in to force for water heaters sold on or
after April 16 2015. This will increase the Federal standard to 0.675 - (0.0015 * Rated Volume)
= 0.6 EF:

http://www1 .eere.energy.gov/buildings/ appliance_standards/ residential/ pdfs/htgp_finalrule_
fedreg.pdf

208 pttp:/ /www.energystar.gov/ index.cfm?c=water_heat.pr_crit_water_heaters
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Annual Energy Savings Algorithm
n/a

Summer Coincident Peak kW Savings Algorithm
n/a

Annual Fossil Fuel Savings Algorithm

AMMBtu = MMBtuDHW * ((EFEff-EFBase)/ EFEff)
Where:

MMBtuDHW = typical annual household hot water consumption
(based on existing units)
= 21. 1 209

EFgase = Baseline Energy Factor
= 0.575 210

EFes = Efficient Energy Factor
= Actual?"!

For example, purchase and installation of a 0.82 gas condensing water heater:
AMMBtu =21.1" ((0.82 - 0.575)/ 0.82)
= 6.3 MMBtu

Annual Water Savings Algorithm
n/a

2% The estimate for hot water consumption for existing units is 23.1MMBtu, based on US ElA,
Residential Energy Consumption Survey; Average Consumption for Water Heating by Major Fuels
Used, 2005

http://www.eia.doe.gov/emeu/recs/ recs2005/cée/waterheating/ df/tablewh7.pdf

VEIC estimate that the average efficiency of the existing DHW unit stock is 52.5% (based on the
Federal Minimum standard from 1991 to 2001 (0.62 - (0.0019*50) = 0.525). An estimate of a
new baseline unit energy consumption is therefore calculated as 23.1 * (0.525/0.575) =
21.1MMBtu.

#1% Minimum Federal Standard for a 50gallon gas fired tank; 0.67 - (0.0019  Rated Storage
Volume in gallons);

http://www1 -eere.energy.gov/buildings/appliance_standards/ residential/pdfs/water_heater_f
r.pdf
21PThe minimum ENERGY STAR specifications are provided above.
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Incremental Cost
The incremental cost for this measure is provided below*'*:

Water Heater Type Incremental
Cost

High Efficiency Gas $175

Storage

Gas Condensing $1,150

Whole Home Gas $750

Tankless

Measure Life

The measure life is assumed to be 13 years™".

Operation and Maintenance Impacts
n/a

22 |ncremental costs based on ACEEE lifecycle cost analysis;

http: / /www.aceee.org/node/3068#lcc. High efficiency gas storage units cost $1025,
condensing gas units cost $2000 and tankless units cost $1600, compared to a conventional unit
cost of $850.

213 pased on ACEEE Life-Cycle Cost analysis; http://www.aceee.org/ node/3068#lcc
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Heat Pump Domestic Water Heater

Unique Measure Code(s): RS_WT_TOS_HPRSHW_V1.0510
Effective Date: March 2011
End Date:

Measure Description

This measure relates to the installation of a Heat Pump domestic water
heater in place of a standard electric water heater in conditioned space. This is
a time of sale measure.

Definition of Baseline Condition
The baseline condition is a standard electric water heater.

Definition of Efficient Condition
The efficient condition is a heat pump water heater.

Annual Energy Savings Algorithm

AKWH = KWHbase * ((EFnew - EFbase)/EFnew) + KWHcooling -
KWHheating

Where:
KWHbase = Average electric DHW consumption
= 3460 %
EFnew = Eneg%/ Factor of Heat Pump water heater
=2.0
EFbase = Energy Factor of standard electric water heater
=0.904 26

214 Assumption taken from; Residential Water Heaters Technical Support Document for the
January 17, 2001, Final Rule

Table 9.3.9, p9-34,

http://www1 -eere.energy.gov/buildings/appliance_standards/ residential/pdfs/09.pdf
Consistent with FEMP study; Field Testing of Pre-Production Prototype Residential Heat Pump
Water Heaters

http://www1 -eere.energy.gov/femp/pdfs/ tir_heatpump. pdf

¥ Efficiency based on ENERGY STAR Residential Water Heaters, Final Criteria Analysis:

http:/ /www.energystar.gov/ia/ partners/prod_development/ new_specs/downloads/water_hea
ters/WaterHeaterDraftCriteriaAnalysis.pdf
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KWHcooling = Cooling savings from conversion of heat in home to water

heat
- 61 217
KWHheating?'® = Heating cost from conversion of heat in home to water
heat
KWHheating (electric resistance) = 1043
KWHheating (heat pump COP 2.0) =521
KWHheating (fossil fuel) =0
AKWH electric resistance heat = 3460 * ((2.0 - 0.904) / 2.0) + 61 - 1043
= 914 kWh
AKWH heat pump heat = 3460 * ((2.0 - 0.904) / 2.0) + 61 - 521
= 1436 kWh
AKWH fossil fuel heat = 3460 * ((2.0 - 0.904) / 2.0) + 61 -0
= 1957 kWh

summer Coincident Peak kW Savings Algorithm
AKW = 0.17 kW 27
Annual Fossil Fuel Savings Algorithm

AMMBtuU = -KWHheating (electric resistance) * 0.003412 /
AFUEheating?®
= -1043 *.003412 / .80
= -4.45 MMBTU™!

216 As above

217 Cooling kWh= KWHbase * ((EFnew - EFbase)/EFnew)/8760 * 829 cooling hours (from TMY
Baltimore data) / SEER 10 / 3.412 BTU/Wh

218 Heating kWh= KWHbase * ((EFnew - EFbase)/EFnew)/8760 * 4818 cooling hours (from TMY
Baltimore data) / heating system efficiency

219 Based on a chart showing summer weekday average electrical demand on page 10 of FEMP
Study “Field Testing of Pre-Production Prototype Residential Heat Pump Water Heaters”
(http://www1.eere.energy.gov/femp/pdfs/tir heatpump.pdf). Using data points from the
chart, the average delta kW in heat pump mode during the peak hours compared to resistance
mode is 0.17kW.

220 This is the additional energy consumption required to replace the heat removed from the
home during the heating season by the heat pump water heater. KWHheating (electric
resistance) is that additional heating energy for a home with electric resistance heat. This
formula converts the additional heating kWh for an electric resistance home to the MMBtu
required in a fossil fuel heated home.

21 Negative value because heating energy will increase due to this measure.
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Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $925.%2

Measure Life
The measure life is assumed to be 10 years.?

Operation and Maintenance Impacts
n/a

2 Vermont Energy Investment Corporation “Residential Heat Pump Water Heaters: Energy
Efficiency Potential and Industry Status” November 2005.
*3Based on ENERGY STAR Residential Water Heaters, Final Criteria Analysis:

http:// www.energystar.gov/ia/partners/ prod_development/ new_specs/downloads/water_hea
ters/ WaterHeaterDraftCriteriaAnalysis. pdf
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Unique Measure Code(s): RS_LA_TOS_CWASHES_V1 .0510 and

RS_LA_TOS_CWASHT3_V1 .0510
Effective Date: March 2011
End Date:

Measure Description

This measure relates to the purchase (time of sale) and installation of a

clothes washer exceeding either the ENE

specification was changed as of January

RGY STAR (note the ENERGY STAR

1t 2011) or CEE TIER 3 minimum
qualifying efficiency standards presented below:

Efficiency Level

Modified Energy

Water Factor (WF)

Factor (MEF)
Federal Standard 2010 >=1.26 No requirement
Federal Standard 2011 >=1.26 <=9.5
ENERGY STAR 2010 >=1.80 <=7.5
ENERGY STAR 2011 >=2.20 <= 6.0
CEETIER 3 >=2.20 <= 4.5

Efficiency | Modified Water
Level Energy | Factor (WF)

Factor
(MEF)
Federal >=1.26 No
Standard requirement

ENERGY >=1.80 <=7.5
STAR
CEETIER | >=2.20 <= 4.5
3

The modified energy factor (MEF) measures energy consumption of the

total laundry cycle (washing and drying). It in
laundry can be washed and dried with one kW

number, the greater the efficiency.
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The Water Factor is the number of gallons needed for each cubic foot of
laundry. A lower number indicates lower consumption and more efficient use of

Definition of Baseline Condition

The baseline condition is a clothes washer at the minimum federal

ne efficiency presented above. The Federal Standard specification was
changed as of January 1% 2011, Savings assumptions for both specifications are
provided.

Definition of Efficient Condition

The efficient condition is a clothes washer meeting either the ENERGY
STAR or CEE TIER 3 efficiency criteria presented above. The ENERGY STAR
specification was changed as of January 1° 2011. Savings assumptions for both
specifications are provided.

Annual Energy Savings Algorithm
Savings are determined using Modified Energy Factor assumptions,

Washer Volume = 3.23 cubic feet 224

Baseline MEF =1.26

ENERGY STAR 2010 MEF - 1.80

ENERGY STAR 2011 MEF = 2.0

CEE TIER 3 MEF =2.2

Number of cycles per year = 287 225

% consumption for water heating, Cw operation, Dryer operation
= 26%, 7%, 67% 226

24 Average unit size of products participating in the Efficiency Vermont Clothes Washer rebate
rogram.

?25 Weighted average of 2005 Residential Energy Consumption Survey (RECS) for Mid-Atlantic:

(http://www.eia.doe. gov/emeu/recs/recs2005/ hc2005_tables/hc1 Ohomeappliaceindicators/ pd

f/tablehct 1.10.pdf)

%26 The Clothes Washer Technical Support Document, located at:

http:/ /www.eere.energy.gov/ buildings/appliance_standards/ residential/clwash_O900_r.html

Energy and water savings estimates are located in Chapter 4, Engineering Analysis, Table 4.1,
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Water savings per load (ENERGY STAR 2010
- 28.1 gallons %
Water savings per load (ENERGY STAR 201 12
- 11.3 gallons %
Water savings per load (CEE TIER 3)
= 16.2 gallons %’
Community/Municipal Water and Wastewater pump kWh savings per gallon
water saved
= 0.0039kWh per gallon of water saved™?

Mid-Atlantic DHW fuel mix**:

Fuel % of Homes

Electric 18%

Natural Gas 61%

Qil 17%

Propane 3%

Mid-Atlantic Dryer fuel mix:*"

Fuel % of Homes

Electric 61%

Natural Gas 39%

AKWHengrcy star 2010 = 145.1 KWh

AKWHeneroy sTaR 2011 = 153.2 kWh

http:// www.eere.energy.gov/buildings/ appliance_standards/ residential/pdfs/ chapter_4_engin
eering.pdf

227 Calculated using baseline Water Factor of 16.2, derived using assumptions from the ENERGY
STAR calculator. See Clothes Washer Worksheet for more information.

(http:// www.energystar.gov/ index.cfm?fuseaction=ﬁnd_a_product.showProductGroup&pgw_co
de=CW)

28 \ote that in 2011 a Federal Standard Water Factor is introduced (<=9.5). This is used in the
calculation of savings for ENERGY STAR 2011 units and CEE Tier 3 units.

29 Efficiency Vermont analysis of Community/Municipal Water and Wastewater pump energy
consumption showed 0.0024 kWh pump energy consumption per gallon of water supplied, and
0.0015 kWh consumption per gallon for waste water treatment.

230 5005 Residential Energy Consumption Survey (RECS) for Mid-Atlantic:

(http://www.eia. doe.gov/emeu/recs/ recs2005/ hc2005_tables/hc8waterheating/pdf /tablehc1
1.8.pdf)

231 9005 Residential Energy Consumption Survey (RECS) for Mid-Atlantic:

(http:// www.eia.doe.gov/emeu/recs/ recs2005/hc2005_tables/ hc9homeappliance/pdf/tablehc
11.9.pdf)
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AKWHCceE TigR 3 = 180.4 kWh

Summer Coincident Peak kW Savings Algorithm

AKW = AkWh/Hours * CF

Where:
Hours = Assumed Run hours of Clothes Washer
= 282 22
CF = Summer Peak Coincidence Factor for measure
=0.033 %

AkWenerey star 2010 = 145.1 / 282 * 0.033
= 0.017 kW
AKWeNeray star 2011 = 153.2 / 282 * 0.033
=0.018 kW
AKWeeE TieR 3 =180.4 / 282 * 0.033
=0.021 kW
Annual Fossil Fuel Savings Algorithm

For calculation see Clothes Washer Work Sheet. Savings are based on the
mix of domestic hot water heating fuels and Dryer fuels.

ENERGY STAR 2010 unit:

MMBtu Savings Natural Gas = 0.342 MMBtu

MMBtu Savings Qil = 0.041 MMBtu

MMBtu Savings Propane = 0.008 MMBtu
ENERGY STAR 2011 unit:

MMBtu Savings Natural Gas = 0.422 MMBtu

MMBtu Savings Oil = 0.051 MMBtu

52 Based on assumption of 1 hour average per cycle. # cycles based on weighted average of
2005 Residential Energy Consumption Survey (RECS) for Mid-Atlantic (see CW Work Sheet).
http://www.eia. doe.gov/emeu/recs/ recs2005/hc2005_tables/hc1 Ohomeappliaceindicators/ pdf
/tablehc11.10.pdf

3 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
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MMBtu Savings Propane = 0.010 MMBtu
CEE TIER 3 unit:
MMBtu Savings Natural Gas = 0.487 MMBtu
MMBtu Savings Oil = 0.059 MMBtu
MMBtu Savings Propane = 0.012 MMBtu

Annual Water Savings Algorithm
For calculation see Clothes Washer Work Sheet.

ENERGY STAR 2010 unit:

Water Savings =10.6 CCF
ENERGY STAR 2011 unit:

Water Savings = 4.3 CCF
CEE TIER 3 unit:

Water Savings = 6.1 CCF

Incremental Cost

The incremental cost for this measure is assumed to be $250 for an

ENERGY STAR unit and $450 for a CEE TIER 3 unit.?**

Measure Life
The measure life is assumed to be 14 years.”’

Operation and Maintenance Impacts
n/a

234 gyrvey conducted by Applied Proactive Technologies (APT), Springfield, MA.

35 Efficiency Vermont TRM.
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Shell Savings End Use
Air sealing

Unique Measure Code: RS_SL_RTR_AIRSLG_V2.0711
Effective Date: July 2011
End Date:

Measure Description

The measure assumes that a trained auditor, contractor or utility staff
member is on location, and will measure and record the existing and post air-
leakage rate using a blower door in accordance with industry best practices?®.
Where possible, the efficiency of the heating and cooling system used in the
home should be recorded, but default estimates are provided if this is not
available.

This is a retrofit measure.
Definition of Baseline Condition

The existing air leakage prior to any air sealing work should be
determined using a blower door.
Definition of Efficient Condition

Air sealing materials and diagnostic testing should meet all program
eligibility qualification criteria. The post air sealing leakage rate should then
be determined using a blower door.

Annual Energy Savings Algorithm

Cooling savings from reduction in Air Conditioning Load:

% See BPI Building Analyst and Envelope Professional standards,
http:/ /www.bpi.org/standards approved.aspx
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AKWh = [(((CFM50Exist - CFM50New) / N-factor) *60 * CDH *
DUA * 0.018) / 1,000 / nCool] * LM

Where:
CFM50exist = Blower Door result (CFMso) prior to air sealing
= actual
CFMnew _ Blower Door result (CFMso) after air sealing
= actual
N-factor = conversion from CFMsp to CFMnatural™
= dependent on exposure level:
Well Shielded 24
Exposure | Normal 20
Exposed 18

CDH = Cooling Degree Hours™®
= dependent on location:

Location Cooling Degree
Hours
(75°F set point)
Wilmington, DE 7,514
Baltimore, MD 9,616
Washington, DC 13,178

DUA _ Discretionary Use Adjustment®”’
=0.75
0.018 - The volumetric heat capacity of air (Btu/ft3°F)
nCool = Efficiency in SEER of Air Conditioning equipment
- actual. If not available use’®:

237 -factor is used to convert 50-pascal blower door air flows to natural air flows and is
dependent on geographic location and exposure of the home to wind, based on methodology
developed by Lawrence Berkeley Laboratory (LBL). Since there is minimal stack effect due to
low delta T, the height of the building is not included in determining n-factor for cooling
savings.

http:/ /ww.homeenerqv.orq/archive/hem.dis.anl.gov/eehem/94/9401 11.htm(#94011122

38 perived by summing the delta between the average outdoor temperature and the base set
point of 75 degrees (above which cooling is assumed to be used), each hour of the year. Hourly
temperature data obtained from TMY3 data (http:// rredc.nrel.gov/solar/old_data/ nsrdb/1991-
2005/tmy3/ by_state_and_city.html)

239 To account for the fact that people do not always operate their air conditioning system
when the outside temperature is greater than 75°F. Based on Energy Center of Wisconsin, May
2008 metering study; “Central Air Conditioning in Wisconsin, A Compilation of Recent Field
Research”, p31.
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Age of Equipment SEER Estimate
Before 2006 10
After 2006 13 ]
M = Latent Multiplier
= 6.9

For example, a well shielded home in Wilmington, DE with a 12 SEER Air

Conditioning unit, has pre and post blower door test results of 3,400 and 2,250.

AkWh = [(((3,400 - 2,250) / 24)*60 * 7,514 *
0.75*0.018) / 1,000 / 12]1* 6.9

= 168 kWh

Heating savings for homes with electric heat (Heat Pump or resistance):

AkWh = ((((CFM50EXxist - CFM50New) / N-factor) * 60 * 24 *
HDD * 0.018) / 1,000,000 / nHeat) * 293.1
Where:
N-factor = conversion from CFMs, to CFMnatura??
= Based on building height and exposure level:

# Stories: 1 1.5 2 3
Well Shielded 24 21.6 19.2 16.8

Exposure | Normal 20 18 16 14

Exposed 18 | 162 | 144 | 12.6 |

0 These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Central AC was adjusted. While one would expect the average
system efficiency to be higher than this minimum, the likely degradation of efficiencies over
time mean that using the minimum standard is appropriate.

' The Latent Multiplier is used to convert the Sensible cooling savings calculated to a value
representing Sensible and Latent Cooling loads. The value 6.9 is derived from Harriman et al
"Dehumidification and Cooling Loads From Ventilation Air", ASHRAE Journal, which provides a
Latent to Sensible load ratio for Baltimore, MD of 4.7:0.8. Thus, the total load (i.e. sensible +

for Wilmington, DE (7.14), because it is very similar and within the likely range of error for this
algorithm, and because there is no equivalent value for Washington DC, for simplicity sake we
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HDD = Heating Degree Days
- dependent on location’®
Location Heating Degree Days
(60°F set point)
Wilmington, DE 3,275
Baltimore, MD 3,457
Washington, DC 2,957
nHeat = Efficiency in COP of Heating equipment
- actual. If not available use’*:
System Age of HSPF COP
Type Equipment | Estimate Estimate’”
Heat Before 2006 6.8 2.00
Pump After 2006 7.7 2.26
Resistance n/a n/a 1.00
293.1 = Converts MMBtu to kWh

For example, a well shielded home in Wilmington, DE with a heat pump
with COP of 2.5, has pre and post blower door test results of 3,400 and 2,250.

AkWh - [(((3,400 - 2,250) / 24) *60 * 24 * 3,275 * 0.018) /
1,000,000 / 2.5] * 293.1

477 KWh

summer Coincident Peak kW Savings Algorithm

AKW = AkKWh / FLHcool * CF

243 The 10 year average annual heating degree day value is calculated for each location, using a
balance point for heating equipment use of 60 degrees (based on data obtained from

http:// academic.udayton.edu/kissock/ http/Weather/ citylistUS.htm). The 60 degree balance
point is used based on a PRISM evaluation of approximately 600,000 Ohio residential single
family customers showing this is the point below which heating is generally used.

244 These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Heat Pumps was adjusted. While one would expect the
average system efficiency to be higher than this minimum, the likely degradation of
efficiencies over time means that using the minimum standard is appropriate.

245 T convert HSPF to COP, divide the HSPF rating by 3.413.
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Where:
FLHcool = Full Load Cooling Hours
= Dependent on location as below:
Location FLHcool
Wilmington, DE 513 <%
Baltimore, MD 5314
Washington, DC 668
CFssp = Summer System Peak Coincidence Factor for Central A/C
(hour ending 5pm on hottest summer weekday)
= 0.69 %
CFom = PJM Summer Peak Coincidence Factor for Central A/C

(June to August weekdays between 2 pm and 6 pm) valued
at peak weather
= 0.66 ¥

For example, a well shielded home in Wilmington, DE with a 12 SEER Air
Conditioning unit, has Pre and post blower door test results of 3,400 and 2,250.

AKW =168 / 513 * 0.69
=0.23 kW

Annual Fossil Fuel Savings Algorithm

For homes with Fossil Fuel Heating:

AMMBTU = (((CFM50EXxist - CFM50New) / N-factor) *60 * 24 *
HDD * 0.018) / 1,000,000 / nHeat

6 Full Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying BG&E’s full load hours determined for Baltimore (531 from the research referenced
below) by the ratio of full load hours in Wilmington, DE (1,015) or Washington, DC ( 1,320) to
Baltimore MD ( 1,050) from the ENERGY STAR calculator.

(http:/ /www.energystar.gov/ia/ business/ bulk_purchasing/ bpsavings_calc/ Calc_CAC.xls)

%7 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research.

8 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.

9 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.
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Where:
N-factor - conversion from CFMso to CFMnatural™"
- Based on building height and exposure level:
# Stories: 1 1.5 2 3
Well Shielded 24 21.6 19.2 16.8
Exposure | Normal 20 18 16 14
Exposed 18 16.2 14.4 12.6
HDD = Heating Degree Days
- dependent on location”’
Location Heating Degree Days
(60°F set point)
Wilmington, DE 3,275
Baltimore, MD 3,457
Washington, DC 2,957
nHeat = Efficiency of Heating equipment (equipment

efficiency * distribution efficiency)

= actual®?. If not available use 84% for equipment
effigsifncy and 78% for distribution efficiency to give
66%°".

250 N.factor is used to convert 50-pascal blower door air flows to natural air flows and is
dependent on geographic location, height of building (stack effect) and exposure of the home
to wind, based on methodology developed by Lawrence Berkeley Laboratory (LBL).
http://www.homeenergy.org/archive/ hem.dis.anl.gov/eehem/94/940111.html#94011 122

T The 10 year average annual heating degree day value is calculated for a number of
locations, using a balance point for heating equipment use of 60 degrees (based on data
obtained from http:/ /www.engr.udayton.edu/weather/). The 60 degree balance point is used
based on a PRISM evaluation of approximately 600,000 Ohio residential single family customers
showing this is the point below which heating is generally used.

22 | deally, the System Efficiency should be obtained either by recording the AFUE of the unit,
or performing a steady state efficiency test. The Distribution Efficiency can be estimated via a
visual inspection and by referring to a look up table such as that provided by the Building
Performance Institute: (http://www.bpi.org/files/pdf/ DistributionEfficiencyTable-
BlueSheet.pdf) or by performing duct blaster testing.

253 The equipment efficiency default is based on data provided by GAMA during the federal
rule-making process for furnace efficiency standards, suggesting that in 2000, 32% of furnaces
purchased in Maryland were condensing units. Assuming an efficiency of 92% for the condensing
furnaces and 80% for the non-condensing furnaces gives a weighted average of 83.8%. The
distribution efficiency default is based on assumption that 50% of duct work is inside the

envelope, with some leaks and no insulation. VEIC did not have any more specific data to
provide any additional defaults.
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For example, a well shielded home in Wilmington, DE with a 70% heating
system efficiency, has pre and post blower door test results of 3,400 and 2,250.

AMMBtu = (((3,400 - 2,250) / 24) *60 * 24 * 3,275 * 0.018) /
1,000,000 / 0.7

= 5.8 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure should be the actual installation
and labor cost to perform the air sealing work.

Measure Life
The measure life is assumed to be 15 yrs?>*,

Operation and Maintenance Impacts
n/a

254 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,

GDS Associates, June 2007.
http://www.ctsavesenergy.org/files/Measure%20Li fe%20Report%202007 . pdf
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Attic/ceiling/roof insulation

Unique Measure Code: RS_SL_RTR_ATI'ICI_V2.0711
Effective Date: July 2011
End Date:

Measure Description

This measure characterization is for the installation of new insulation in
the attic/roof/ceiling of a residential building. The measure assumes that an
auditor, contractor or utility staff member is on location, and will measure and
record the existing and new insulation depth and type (to calculate R-values),
the surface area of insulation added, and where possible the efficiency of the
heating and cooling system used in the home.

This is a retrofit measure.

Definition of Baseline Condition

The existing insulation R-value should include the total attic floor / roof
assembly. An R-value of 5 should be assumed for the roof assembly plus the R-
value of any existing insulation”®. Therefore if there is no insulation currently
present, the R-value of 5 should be used.

Definition of Efficient Condition

The new insulation should meet any qualification criteria required for
participation in the program. The new insulation R-value should include the
total attic floor /roof assembly and include the effective R-value of any
existing insulation that is left in situ.

Annual Energy Savings Algorithm

Savings from reduction in Air Conditioning Load:

AKWh = ((1/Rexist - 1/Rnew) * CDH * DUA * Area) / 1,000 / nCool

255 The R-5 assumption for roof assembly is based on J.Neymark & Associates and National
Renewable Energy Laboratory, June 2009; “BESTEST-EX Interim Test Procedure” p27. The attic
floor and roof should be modeled as a system including solar gains and attic ventilation, and R-
5 is the standard assumption for the thermal resistance of the whole attic/ roof system.
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Where:
Rexist = R-value of roof assembly plus any existing insulation
= actual (minimum of R-5)
Rnew = R-value of roof assembly plus new insulation
= actual
CDH = Cooling Degree Hours®*
= dependent on location:
Location Cooling Degree
Hours
(75°F set point)
Wilmington, DE 7,514
Baltimore, MD 9,616
Washington, DC 13,178
DUA = Discretionary Use Adjustment®’
=0.75
Area = square footage of area covered by new insulation
= actual
nCool = Efficiency in SEER of Air Conditioning equipment

= actual. If not available use?®:

Age of Equipment SEER Estimate
Before 2006 10
After 2006 13

For example, insulating 1200 square feet of attic from R-5 to R-30 ina
home with a 12 SEER central Air Conditioning unit in Baltimore, MD.

AkWh = ((1/5 - 1/30) * 9,616 * 0.75 * 1,200) / 1,000 / 12

= 120kWh

8 Derived by summing the delta between the average outdoor temperature and the base set
point of 75 degrees (above which cooling is assumed to be used), each hour of the year. Hourly
temperature data obtained from TMY3 data (http:// rredc.nrel.gov/solar/ )

system efficiency to be higher than this minimum, the likely degradation of efficiencies over
time mean that using the minimum standard is appropriate.
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Savings for homes with electric heat (Heat Pump of resistance):

AKWh = (((1/Rexist - 1/Rnew) * HDD * 24 * Area) / 1,000,000 /
nHeat) * 293.1

HDD = Heating Degree Days
- dependent on location®
Location Heating Degree Days
(60°F set point)
Wilmington, DE 3,275
Baltimore, MD 3,457
Washington, DC 2,957
1,000,000 = Converts Btu to MMBtu
nHeat = Efficiency in COP of Heating equipment
- actual. If not available use*®:
System Age of HSPF COP
Type Equipment | Estimate Estimate
Heat Before 2006 6.8 2.00
Pump After 2006 7.7 2.26
Resistance n/a n/a 1.00
293.1 = Converts MMBtu to kWh

For example, insulating 1200 square feet of attic from R-5 toR-30in a
home with a 2.5COP Heat Pump in Baltimore, MD.

AKWh = ((1/5 - 1/30) * 3457 * 24 * 1,200) / 1,000,000 / 2.5) * 293.1
= 1,945 kWh

summer Coincident Peak kW Savings Algorithm

259 The 10 year average annual heating degree day value is calculated for a number of
locations, using a balance point for heating equipment use of 60 degrees (based on data
obtained from http:// academic.udayton.edu/kissock/ http/Weather/ citylistUS.htm). The 60
degree balance point is used based on a PRISM evaluation of approximately 600,000 Ohio
residential single family customers showing this is the point below which heating is generally
used.

260 These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Heat Pumps was adjusted. While one would expect the
average system efficiency to be higher than this minimum, the likely degradation of
efficiencies over time mean that using the minimum standard is appropriate.
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AW = AkWh / FLHcool * CF

Where:
FLHcool = Full Load Cooling Hours
= Dependent on location as below:
Location FLHcool
Wilmington, DE 513 %7
Baltimore, MD 531 %7
Washington, DC 668

CFssp = Summer System Peak Coincidence Factor for Central A/C
(hour ending 5pm on hottest summer weekday)
= 0.69 %%

CFem = PJM Summer Peak Coincidence Factor for Central A/C
(June to August weekdays between 2 pm and 6 pm) valued
at peak weather
= 0.66 2

For example, insulating 1200 square feet of attic from R-5 to R-30 in a
home with a 12 SEER central Air Conditioning unit in Baltimore, MD.

AKW =120/ 531 *0.69
=0.16 kW
Annual Fossil Fuel Savings Algorithm

AMMBTU = ((1/Rexist - 1/ Rnew) * HDD * 24 * Area) / 1,000,000
/ nHeat

Baltimore MD ( 1,050) from the ENERGY STAR calculator.

(http:/ /www.energystar.gov/ ia/business/ bulk_purchasing/ bpsavings_calc/ Calc_CAC.xls)

262 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research.

%63 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.

%% Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.
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Where:
HDD = Heating Degree Days
- dependent on location®
Location Heating Degree Days
(60°F set point)
Wilmington, DE 3,275
Baltimore, MD 3,457
Washington, DC 2,957
nHeat = Efficiency of Heating equipment (equipment

efficiency * distribution efficiency)

- actual®®. If not available use 84% for equipment
efficiency and 78% for distribution efficiency to give
66%.

For example, insulating 1200 square feet of attic from R-5 to R-30in a
home with a 75% efficiency heating system in Baltimore, MD.
AMMBtu =((1/5 - 1/30) * 3457 * 24 * 1,200) / 1,000,000 / 0.75
= 22 MMBtu

Annual Water Savings Algorithm
n/a

265 The 10 year average annual heating degree day value is calculated for a number of
locations, using a balance point for heating equipment use of 60 degrees (based on data
obtained from http:// academic.udayton.edu/kissock/ http/Weather/ citylistUS.htm). The 60
degree balance point is used based on a PRISM evaluation of approximately 600,000 Ohio
residential single family customers showing this is the point below which heating is generally
used.

26 |deally, the System Efficiency should be obtained either by recording the AFUE of the unit,
or performing a steady state efficiency test. The Distribution Efficiency can be estimated via a
visual inspection and by referring to a look up table such as that provided by the Building
Performance Institute: (http:// www.bpi.org/files/pdf/ DistributionEfficiencyTable-
BlueSheet.pdf) or by performing duct blaster testing.

27 The equipment efficiency default is based on data provided by GAMA during the Federal
rule-making process for furnace efficiency standards, suggesting that in 2000, 32% of furnaces
purchased in Maryland were condensing units. Assuming an efficiency of 92% for the condensing
furnaces and 80% for the non-condensing furnaces gives a weighted average of 83.8%. The
distribution efficiency default is based on assumption that 50% of duct work is inside the
envelope, with some leaks and no insulation. VEIC did not have any more specific data to
provide any additional defaults.
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Incremental Cost
The incremental cost for this measure should be the actual installation
and labor cost to perform the insulation work.

Measure Life
The measure life is assumed to be 25 years®,

Operation and Maintenance Impacts
n/a

%68 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.

http:// Www.ctsavesenergy.org/files/ Measure%ZOLife%20Report%202007. pdf
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Efficient Windows - Energy Star Time of sale

Unique Measure Code(s): RS_SL_TOS_WINDOW_V1 .0510
Effective Date: March 2011
End Date:

Measure Description

This measure describes the purchase of Energy Star Windows (u-0.32;
SHGC-0.40 minimum requirement for North Central region) at natural time of
replacement or new construction outside of the Energy Star Homes program.
This does not relate to a window retrofit program. Measure characterization
assumes electric heat- either resistance or heat pump.

Definition of Baseline Condition
The baseline condition is a standard double pane window with vinyl sash,
(u- 0.49 SHGC-0.58).

Definition of Efficient Condition

The efficient condition is an ENERGY STAR window (u-0.32; SHGC-0.40
minimum requirement for North Central region).

Annual Energy Savings Algorithm **°

Heating kWh Savings (Electric Resistance) = 356 kWh per 100 square feet
window area

Heating kWh Savings (Heat Pump COP 2.0) = 194 KkWh per 100 square feet
window area

Cooling kWh Savings (SEER 10) = 205 kWh per 100 square feet
window area

summer Coincident Peak kW Savings Algorithm

AkWcooling = AKWREM * CF

29 Based on REMRate modeling of New Jersey baseline existing home moved to Baltimore
climate with electric furnace or air source heat pump HSPF 2.0, SEER 10 AC. Ducts installed in
un-conditioned basement. Duct leakage set at RESNET/HERS qualitative default.

Northeast Energy Efficiency partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.oTg



@] recionaL EvaLuaTion,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 2.0 Page 114 of 204
Where:
AKWREM = Delta kW calculated in REMRate model
= 0.12 kW per 100 square feet window area
CFssp = Summer System Peak Coincidence Factor for Central A/C
(hour ending 5pm on hottest summer weekday)
= 0.69 70
CFoum = PJM Summer Peak Coincidence Factor for Central A/C

(June to August weekdays between 2 pm and 6 pm) valued
at peak weather

= 0.66 %'
AkWssp cooling =0.12* 0.69
= 0.083 kW per 100 square feet of windows
AkWp, cooling =0.12 * 0.66

= 0.079 kW per 100 square feet of windows

Annual Fossil Fuel Savings Algorithm
n/a for homes with electric heat.

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $150 per 100
square feet of windows. 2"

Measure Life
The measure life is assumed to be 25 years.?’

Operation and Maintenance Impacts
n/a

270 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.

7 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.

2 Alliance to Save Energy Efficiency Windows Collaborative Report, December 2007.

3 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.

http:// www.ctsavesenergy.org/ ﬁles/Measure%20Life%20Report%202007.pdf
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Pool Pump End Use
Pool pump-two speed

Unique Measure Code: RS_PP_TOS_PPTWO_V2.071 1
Effective Date: July 2011
End Date:

Measure Description

This measure describes the purchase of a two speed swimming pool
pump capable of running at 50% speed and being run twice as many hours to
move the same amount of water through the filter. The measure could be
installed in either an existing or new swimming pool. The installation is
assumed to occur during a natural time of sale.

Definition of Baseline Condition
The baseline condition is a standard efficiency, 1.36 kW electric pump
operating 5.18 hours per day.

Definition of Efficient Condition
The efficient condition is an identically sized two speed pump operating
at 50% speed (50% flow) for 10.36 hours per day.

Annual Energy Savings Algorithm
AkWh = kWhBase - kWhTwo Speed a4

Where:
kWhgase = typical consumption of a single speed motor in a cool
climate (assumes 100 day pool season )
= 707 kWh
kWhrwo speed = typical consumption for an efficient two speed pump
motor
= 177 kWh

AkWh =707 - 177

274 Based on INTEGRATION OF DEMAND RESPONSE INTO TITLE 20 FOR RESIDENTIAL POOL PUMPS,
SCE Design & Engineering; Phase1: Demand Response Potential DR 09.05.10 Report

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421 Pt 781.860.9177 www.heep.org



@ ] ReGioNAL EvaLuaTiON,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 2.0 Page 116 of 204

= 530 kWh

Summer Coincident Peak kW Savings Algorithm

AKW = (kWBase - kwTwo Speed) *CF 7

Where:
k WBase

k WTwo Speed

CFssp

CFpm

= Connected load of baseline motor

= 1.3 kW

= Connected load of two speed motor

=0.171 kW

= Summer System Peak Coincidence Factor for pool pumps
(hour ending 5pm on hottest summer weekday)

= 0.207¢

= PJM Summer Peak Coincidence Factor for pool pumps
(June to August weekdays between 2 pm and 6 pm) valued
at peak weather

= 0.27°77

AKW sp = (1.3-0.171) * 0.20

=0.23 kW

AkW ssp = (1.3-0.171) * 0.27

=0.31 kW

Annual Fossil Fuel Savings Algorithm

n/a

Annual Water Savings Algorithm

n/a

73 All factors are based on data from INTEGRATION OF DEMAND RESPONSE INTO TITLE 20 FOR
RESIDENTIAL POOL PUMPS, SCE Design & Engineering; Phase1: Demand Response Potential DR

09.05.10 Report

% Derived from Pool Pump and Demand Response Potential, DR 07.01 Report, SCE Design and

Engineering, Table 16
77 Ibid.
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Incremental Cost
The incremental cost for this measure is assumed to be $175 for a two
speed pool pump motor’”®.

Measure Life
The measure life is assumed to be 10 yrs™”.

Operation and Maintenance Impacts
n/a

278 Baced on review of Lockheed Martin pump retail price data, July 2009.
79 VEIC estimate.
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Pool pump-variable speed

Unique Measure Code: RS_PP_TOS_PPVAR_V2.0711
Effective Date: July 2011
End Date:

Measure Description

This measure describes the purchase of a variable speed swimming pool
Pump capable of running at 40% speed and being run two and a half times as
many hours to move the same amount of water through the filter. The measure
could be installed in either an existing or new swimming pool. The installation
is assumed to occur during a natural time of sale.

Definition of Baseline Condition
The baseline condition is a standard efficiency, 1.36 kW electric pump
operating 5.18 hours per day.

Definition of Efficient Condition
The efficient condition is an identically sized two speed pump operating
at 40% speed (50% flow) for 13 hours per day.

Annual Energy Savings Algorithm
AkWh = kWhBase - k WhVariable Speed 280

Where:
kWhggse = typical consumption of a single speed motor in q cool
climate (assumes 100 day pool season)
= 707 kWh
kWhyariabie Speed = typical consumption for an efficient variable
speed pump motor
= 113 kWh

AkWh =707 - 113

2% Based on INTEGRATION OF DEMAND RESPONSE INTO TITLE 20 FOR RESIDENTIAL POOL PUMPS,
SCE Design & Engineering; Phase1: Demand Response Potential DR 09.05.10 Report
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= 594 kWh
Summer Coincident Peak kW Savings Algorithm

AKW = (KWaase - KWrwo speed) * CF 2*'

Where:

kWaase = Connected load of baseline motor
= 1.3 kW

kWrwo speed = Connected load of two speed motor
= 0.087 kW

CFssp = Summer System Peak Coincidence Factor for pool pumps
(hour ending 5pm on hottest summer weekday)
= 0.20°%

CFpum - PJM Summer Peak Coincidence Factor for pool pumps

(June to August weekdays between 2 pm and 6 pm) valued
at peak weather
= 0.27%
AKW ssp = (1.3-0.087) * 0.20
=0.24 kKW
AKW ssp = (1.3-0. 087) * 0.27
=0.34 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

281 A|| factors are based on data from INTEGRATION OF DEMAND RESPONSE INTO TITLE 20 FOR
RESIDENTIAL POOL PUMPS, SCE Design & Engineering; Phase1: Demand Response Potential DR
09.05.10 Report

262" Darived from Pool Pump and Demand Response Potential, DR 07.01 Report, SCE Design and
Engineering, Table 16

8 bid.
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Incremental Cost
The incremental cost for this measure is assumed to be $750 for a
variable speed pool pump motor?.

Measure Life
The measure life is assumed to be 10 yrs?®,

Operation and Maintenance Impacts
n/a

284 Based on review of Lockheed Martin pump retail price data, July 2009.
285 VEIC estimate.
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Plug Load End Use

"Smart-Strip" plug outlets

Unique Measure Code: RS_PL_TOS_SMARTS_V2.0711
Effective Date: July 2011
End Date:

Measure Description

This measure describes savings associated with the purchase and use of a
Controlled Power Strip (or Smart Strips). These multi-plug power strips have
the ability to automatically disconnect specific connected loads depending
upon the power draw of a control load, also plugged into the strip. Power is
disconnected from the switched (controlled) outlets when the control load
power draw is reduced below a certain adjustable threshold, thus turning off
the appliances plugged into the switched outlets. By disconnecting, the
standby load of the controlled devices, the overall load of a centralized group
of equipment (i.e. entertainment centers and home office) can be reduced.

This measure characterization provides savings for a 5-plug strip and a 7-
plug strip.

Definition of Baseline Condition
The assumed baseline is a standard power strip that does not control any
of the connected loads.

Definition of Efficient Condition
The efficient case is the use of a 5 or 7-plug smart strip.

Annual Energy Savings Algorithm

AkWhspg = 56.5 kWh
AkKWhypg = 102.8 kWh 2%

286 NYSERDA Measure Characterization for Advanced Power Strips. Study based on review of:

i) Smart Strip Electrical Savings and Usability, Power Smart Engineering, October 27, 2008.

ii) Final Field Research Report, Ecos Consulting, October 31, 2006. Prepared for California
Energy Commission’s PIER Program.

iii) Developing and Testing Low Power Mode Measurement Methods, Lawrence Berkeley
National Laboratory (LBNL), September 2004. Prepared for California Energy
Commission’s Public Interest Energy Research (PIER) Program.

iv) 2005 Intrusive Residential Standby Survey Report, Energy Efficient Strategies, March,
2006.
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Summer Coincident Peak kW Savings Algorithm

AKW = AkWh / Hours * CF

Where:
Hours = Annual hours when controlled standby loads are turned
off
= 7,149°%
CF = Coincidence Factor
= 0.8%%8

AkWs.pyg =(56.5/7,149) * 0.8
0.0063 kw

AKWs_pyyq =(102.8/7,149) * 0.8
= 0.012 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure is assumed to be $16 for a 5-plug
and $26 for a 7-plug?®.

Measure Life
The measure life is assumed to be 4 years?®,

Operation and Maintenance Impacts
n/a

V) Smart Strip Portfolio of the Future, Navigant Consulting for San Diego G&E, March 31,
2009.

287 Average of off hours for controlled TV and computer from above study.

288 In the absence of empirical evaluation data, this was based on assumptions of the typical

run pattern for televisions and computers in homes.

289 NYSERDA Measure Characterization for Advanced Power Strips

0 David Rogers, Power Smart Engineering, October 2008: "Smart Strip electrical savings and

usability”, p22. Assumes that the unit can only take one surge and then needs to be replaced.
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COMMERCIAL & INDUSTRIAL MARKET SECTOR

Lighting End Use
CFL - Screw base, Retail - Commercial

Unique Measure Code(s): CI_LT_TOS_CFLSCR_V1.0510
Effective Date: May 2010
End Date:

Measure Description

A compact fluorescent light bulb (CFL) is purchased in retail and
installed in a commercial location. The incremental cost of the CFL compared
to an incandescent light bulb is offset via either rebate coupons or via
upstream markdowns.

Definition of Baseline Condition
The baseline is the purchase and installation of an incandescent light
bulb.

Definition of Efficient Condition
The efficient condition is the purchase and installation of a compact
fluorescent light bulb.

Annual Energy Savings Algorithm
AkWh = (AWatts / 1000) x HOURS x ISR x WHFe

Where:
AWatts = Compact Fluorescent Watts (if known) * 2.95 291
Note: The multiplier should be adjusted according to the
table below to account for the change in baseline stemming from

1 The average wattage of the replacement CFL is 61.2W, and the average wattage of existing
incandescent lamp is 15.5W. Thus, AWatts = [WattsEE * (WattsBASE_RLW/WattsEE_RLW)] -
WattsEE = WattsEE * (3.95 - 1) = WattsEE * 2.95.:

RLW Analytics, New England Residential Lighting Markdown Impact Evaluation, January 20,
2009.
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the Energy Independence and Security Act of 2007 discussed
below:

15 orf% less T 183
16-20 2.95 2.95 1.79 1.79
21W+ 2.95 1.84 1.84 1.84

If Compact Fluorescent Watts is unknown use 45.7w 2
Note: The delta watts should be adjusted to 30.12* from
2013 onwards to account for the change in baseline stemming
from the Energy Independence and Security Act of 2007 discussed
below.

HOURS = Average hours of use per year
= If annual operating hours are unknown, see table
“Interior CFL Lighting Operating Hours and Coincidence Factors
by Building Type” below. Otherwise, use site specific annual
operating hours information.?%

ISR = In Service Rate or percentage of units rebated that get
installed = 0.95 2%

WHFe = Waste Heat Factor for Energy to account for cooling
savings from efficient lighting.
=1.13%7

2 Calculated by finding the new delta watts after incandescent bulb wattage is reduced (from
100W to 72W in 2012, 75W to 53W in 2013 and 60W to 43W in 2014); see MidAtlantic CFL
Adjustments.xls.

3 RLW Analytics, New England Residential Lighting Markdown Impact Evaluation, January 20,
2009,

4 Calculated by multiplying 48.7 by the average adjustment 2014 percentage adjustment from
table below. This adjustment should be made in 2013 since this is the midpoint of the 3 EISA
adjustment years. See MidAtlantic CFL Adjustments.xls for calculation.

25 Site-specific annual operating hours should be collected following best-practice data
collection techniques as appropriate. In most cases, it should not be assumed that the lighting
hours of operation are identical to the reported operating hours for the business. Any use of
site-specific annual operating hours information will be subject to regulatory approval and
?otential measurement and verification adjustment.

% EmPOWER Maryland DRAFT 2010 Interim Evaluation Report, Chapter 2: Commercial and
Industrial Prescriptive, Navigant Consulting, 2010.
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For example:, assuming an office building:
AKWh = (45.7 / 1000) x 2,478 x 0.95 x 1.13
=121.6 kWh

Interizgg' CFL Lighting Operating Hours and Coincidence Factors by Building
Type

BUildijgype“i- o | 'HOURS | ~ CFpm CFssp
College 2,395 0.76 0.76
Schools 1,670 0.41 0.44
Grocery/Supermarket 3,879 0.87 0.87
Health 1,888 0.43 0.43
Hospital 4,081 0.80 0.80
Lodging - Common

Area 3,984 0.43 0.43
Lodging - Guest Rooms 766 0.09 0.09
Manufacturing 1,268 0.34 0.30
Office 2,478 0.43 0.45
Other/Misc. 1,871 0.33 0.34
Restaurant 3,765 0.62 0.62
Retail 3,043 0.60 0.61
Warehouse 2,063 0.58 0.69

Note: CFp,u refers to the PJM Summer Peak Coincidence Factor (June to August
weekdays between 2 pm and 6 pm). CFssp refers to Summer System Peak
Coincidence Factor (hour ending 5pm on hottest summer weekday).

Baseline Adjustment

297 \aste heat factor to account for cooling energy savings from efficient lighting. For a cooled
space, the value is 1.13 (calculated as 1 + (0.74*(0.45) / 2.5)). Based on 0.45 ASHRAE Lighting
waste heat cooling factor for Washington DC and estimate that 74% of commercial floorspace in
the Mid-Atlantic region is cooled (Commercial Baseline Research Project, Final Report, SAIC,
1995) with 2.5 C.0.P. typical cooling system efficiency (methodology adopted from ASHRAE
Journal, Calculating Lighting and HVAC Interactions, 1993).

2% pevelopment of Interior Lighting Hours of Use and Coincidence Factor Values for EnPOWER
Maryland Commercial Lighting Program Evaluations, Itron, 2010. Additional discussion on
building type weighting methodology can be found in “Appendix: Weighting and Building Type
Classification”. CFPJM refers to the
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In 2012, Federal legislation stemming from the Energy Independence and
Security Act of 2007 will require all general-purpose light bulbs between 40 and
100W to be approximately 30% more energy efficient than current incandescent
bulbs, in essence beginning the phase out of standard incandescent bulbs. In
2012 100W incandescents will no longer be manufactured, followed by
restrictions on 75W in 2013 and 60W in 2014. The baseline for this measure will
therefore become bulbs (improved incandescent or halogen) that meet the new
standard.

To account for these new standards, the annual savings for this measure must
be reduced for 100W equivalent bulbs (21W+ CFLs) in 2012, for 75W equivalent
bulbs (16-20W CFLs) in 2013 and for 60 and 40W equivalent bulbs (15W or less
CFLs) in 2014. To account for this adjustment the delta watt multiplier is
adjusted as shown above. In addition, since during the lifetime of a CFL, the
baseline incandescent bulb will be replaced multiple times, the annual savings
claim must be reduced within the life of the measure. For example, for 100W
equivalent bulbs (21W+ CFLs) installed in 2010, the full savings (as calculated
above in the Algorithm) should be claimed for the first two years, but a
reduced annual savings claimed for the remainder of the measure life.

The appropriate adjustments as a percentage of the base year savings for each
CFL range are provided below®”:

CFL Savings as Percentage of Base Year Savings
Wattage | 2009 - 2012 2013 2014 and
2011 o Beyond
15 or less 100% 100% 100% 62%
16-20 100% 100% 61% 61%
21W+ 100% 63% 63% 63%

Summer Coincident Peak kW Savings Algorithm
AKW = (AWatts /1000) x ISR x WHFd x CF

Where:

WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting

® Calculated by finding the percentage reduction in delta watts, for example for a 100W bulb:
(72-25.3)/(100-25.3) = 62.5%. See MidAtlantic CFL Adjustments.xls for calculation.
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= 1.253%
CF = Summer Peak Coincidence Factor for measure

= See table “Interior CFL Lighting Operating Hours and
Coincidence Factors by Building Type” above

For example, assuming an office building:
AKW = (45.7 / 1000) * 0.95 * 1.25 * 0.45

= 0.024 kW

Note: The savings adjustment due to the shifting baseline documented above
should be applied to the peak kW savings assumed in the later years.

Annual Fossil Fuel Savings Algorithm

Note: Negative value denotes increased fossil fuel consumption.

AMMBTU = (-AkWh / WHFe) x 0.70 x 0.003413 x 0.23 / 0.75
= -AkWh x 0.00065

Where:

0.7 = Aspect ratio **'

0.003413 = Constant to convert kWh to MMBTU

0.23 = Fraction of lighting heat that contributes to space
heating **

0.75 - Assumed heating system efficiency °*

For example, assuming an office building:

AMMBTU =(-121.6 / 1.13) * 0.7 * 0.003413 * 0.23 / 0.75

300 Wwaste heat factor to account for cooling demand savings from efficient lighting. For a
cooled space, the value is 1.25 (calculated as 1 + (0.74*(0.85) / 2.5)). Based on 2.5 COP cooling
system efficiency, estimate that 74% of commercial floorspace in the Mid-Atlantic region is
cooled (Delmarva Commercial Baseline Research Project, Final Report, SAIC, 1995), and 85% of
lighting heat that needs to be mechanically cooled at time of summer peak (methodology
adopted from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

301 HyAC-Lighting interaction impacts adapted from 1993 ASHRAE Journal: Calculating Lighting
and HVAC Interactions. Typical aspect ratio for perimeter zones. Heating factor applies to
perimeter zoneheat, therefore it must be adjusted to account for lighting in core zones.

302 Fraction of lighting heat that contributes to space heating. Based on 0.23 factor for
Washington DC (from 1993 ASHRAE Journal: Calculating Lighting and HVAC Interactions).

303 Typical heating system efficiency of 75%, consistent with current federal standards for fossil
fuel-fired systems.
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= -0.079 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $3.3*

Measure Life
The measure life is assumed to be 3.4 years.3%

Operation and Maintenance Impacts

In order to account for the shift in baseline due to the Federal
Legislation discussed above, the levelized baseline replacement cost over the
lifetime of the CFL is calculated (see MidAtlantic CFL Adjustments.xls). The key
assumptions used in this calculation are documented below:

Standard Efficient
Incandescent Incandescent
Replacement Cost $0.50 $2.00
Component Life (years) 0.29°% 1307

(based on lamp life /
assumed annual run
hours)

%% Based on review of TRM assumptions for other States.

% Conservative assumption based on a typical equipment lifetime of 12,000 hours and average
daily usage of 9.6 hours.

3% Assumes rated life of incandescent bulb of 1000 hours and assumes 3,500 run hours.
37 VEIC best estimate of future technology.
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High Performance and Reduced Wattage T8
Lighting Equipment

Unique Measure Code(s): CI_LT_TOS_HPT8_V1.0510 and
CI_LT_RTR_HPT8_V1.0510

Effective Date: March 2011

End Date:

Measure Description

This measure promotes the installation of High-Performance T8 (HPT8)
or Reduced Wattage (RWT8) 4-ft lamp/ballast systems that have higher lumens
per watt than standard 4-ft T8 systems. This results in lamp/ballast systems
that produce equal or greater light than standard T8 systems, while using fewer
watts. The Consortium for Energy Efficiency (CEE) maintains specifications and
a list for qualifying High Performance and Reduced Wattage T8 lamps and
ballasts. The list is updated frequently and is available at
http://www.cee1.org/com/com-lt/com-lt-main.php3.

For lost opportunity scenarios (i.e. time of replacement) this measures
assumes that a HPT8 or RWTS8 fixture is installed instead of a standard
performance 4-ft T8 fixture. For retrofit situations, it is assumed that the
lamp(s) and ballast(s) in an existing 4-ft T12 fixture are replaced with
qualifying HPT8 or RWT8 components.

Two-foot and 3-ft T8 advanced T8 systems can similarly replace
standard-performance 2-ft and 3-ft T8 or T12 systems. Although 2-ft and 3-ft
lamps are not listed on the CEE website, the same qualifying ballasts listed on
the website that are used for 4-ft lamps should be selected for the 2-ft and 3-ft
lamps.

Definition of Baseline Condition

The baseline condition is assumed to be the existing lighting fixture in
retrofit applications. For lost-opportunity applications, the baseline condition
will vary depending upon the specific characteristics of the fixtures installed
(e.g. number of lamps) and any applicable codes and standards in the region.
For illustrative purposes the following baseline conditions are assumed:

Lost-opportunity: a 3-lamp standard performance 4-ft F32 T8 fixture
with electronic ballast with an input wattage of 89W.

Retrofit: a 3-lamp 4-ft F34 T12 fixture with magnetic ballast with an
input wattage of 136W.
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Definition of Efficient Condition

The efficient conditions for the lost-opportunity and retrofit applications
are a qualifying High Performance T8 fixture and lamp/ballast combination,
respectively. For illustrative purposes the following high efficiency conditions
for the corresponding baselines are assumed:

Lost-opportunity: a 3-lamp High Performance T8 fixture with electronic
ballast with an input wattage of 72W.

Retrofit: relamp / reballast with qualifying lamps and ballast with
resulting fixture input wattage of 72W.

Annual Energy Savings Algorithm
AkWh = ((WattsBASE - WattsEE) / 1000) x HOURS x ISR x WHFe
Where:

WattsBASE = Connected load of baseline fixture (for “Time of Sale” or
“Replacement on Burnout” measures)

Or = Connected load of existing fixture (for “Retrofit”
measures)
WattsEE = Connected load of HPTS fixture
HOURS = Average hours of use per year

= If annual operating hours are unknown, see table
“Interior Non-CFL Lighting Operating Hours and Coincidence
Factors by Building Type” below. Otherwise, use site specific
annual operating hours information. 3%

ISR = In Service Rate or percentage of units rebated that get
installed = 0.97 3
WHFe = Waste Heat Factor for Energy to account for cooling
savings from efficient lighting.
=1.13310

3% Site-specific annual operating hours should be collected following best-practice data
collection techniques as appropriate. In most cases, it should not be assumed that the lighting
hours of operation are identical to the reported operating hours for the business. Any use of
site-specific annual operating hours information will be subject to regulatory approval and
?otential measurement and verification adjustment.

% EmPOWER Maryland DRAFT 2010 Interim Evaluation Report, Chapter 2: Commercial and
Industrial Prescriptive, Navigant Consulting, 2010.

%19 Waste heat factor to account for cooling energy savings from efficient lighting. For a cooled
space, the value is 1.13 (calculated as 1 + (0.74%(0.45) / 2.5)). Based on 0.45 ASHRAE Lighting
waste heat cooling factor for Washington DC and estimate that 74% of commercial floorspace in
the Mid-Atlantic region is cooled (Delmarva Commercial Baseline Research Project, Final
Report, SAIC, 1995) with 2.5 C.O.P. typical cooling system efficiency (methodology adopted
from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).
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AKWh = ((89 - 72) / 1000) * 2,567 * 0.97 * 1.13

= 47.8 kWh per fixture

Retrofit:

AKWh = ((136 - 72) / 1000) * 2,567 * 0.97 * 1.13

= 180.1 kWh per fixture

Interior Non-CFL Lighting Operating Hours and Coincidence Factors by

Building Type’"’

Building Type HOURS CFpum " CFssp
College 2,348 0.76 0.76
Schools 1,632 0.31 0.28
Grocery/Supermarket 4,660 0.87 0.87
Health 3,213 0.73 0.76
Hospital 5,182 0.80 0.80
Lodging - Common Area 7,884 0.90 0.90
Lodging - Guest Rooms 914 0.09 0.09
Manufacturing 2,980 0.57 0.53
Office 2,567 0.61 0.60
Other/Misc. 1,797 0.34 0.32
Restaurant 3,613 0.65 0.67
Retail 2,829 0.73 0.76
Warehouse 2,316 0.54 0.55

Note: CFpu refers to the PJM Summer Peak Coincidence Factor (June to August
weekdays between 2 pm and 6 pm). CFssp refers to Summer System Peak
Coincidence Factor (hour ending 5pm on hottest summer weekday).

summer Coincident Peak kW Savings Algorithm

311 pevelopment of Interior Lighting Hours of Use and Coincidence Factor Values for EnPOWER
Maryland Commercial Lighting Program Evaluations, Itron, 2010. Additional discussion on
building type weighting methodology can be found in “Appendix: Weighting and Building Type

Classification”.
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AKW = ((WattsBASE - WattsEE) / 1000) x ISR x WHFd x CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
=1.2573"
CF = Summer Peak Coincidence Factor for measure

= See table “Interior Non-CFL Lighting Operating Hours and
Coincidence Factors by Building Type” above)

For example, assuming an office installation:

Lost opportunity:
AKW = ((89 - 72) / 1000) * 0.97 * 1.25 * 0.60

= 0.012 kW per fixture

Retrofit:
AKW = ((136 - 72) / 1000) * 0.97 * 1.25 * 0.60

= 0.047 kW per fixture

Annual Fossil Fuel Savings Algorithm

Note: Negative value denotes increased fossil fuel consumption.

AMMBTU = (-AKWh / WHFe) x 0.70 x 0.003413 x 0.23 / 0.75
= -AkWh x 0.00065
Where:
0.7 = Aspect ratio 3"

0.003413 = Constant to convert kWh to MMBTU

*12 Waste heat factor to account for cooling demand savings from efficient lighting. For a
cooled space, the value is 1.25 (calculated as 1 + (0.74*(0.85) / 2.5)). Based on 2.5 COP cooling
system efficiency, estimate that 74% of commercial floorspace in the Mid-Atlantic region is
cooled (Delmarva Commercial Baseline Research Project, Final Report, SAIC, 1995), and 85% of
lighting heat that needs to be mechanically cooled at time of summer peak (methodology
adopted from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

*3 HVAC-Lighting interaction impacts adapted from 1993 ASHRAE Journal: Calculating Lighting
and HVAC Interactions. Typical aspect ratio for perimeter zones. Heating factor applies to
perimeter zone heat, therefore it must be adjusted to account for lighting in core zones.
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0.23 = Fraction of lighting heat that contributes to space
heating 3"

0.75 - Assumed heating system efficiency *"

Annual Water Savings Algorithm
n/a

Incremental Cost

Incremental costs will vary by specific equipment installed. The
incremental costs for the example measures are assumed to be $25 for lost
opportunity and $60 for retrofit.>"®

Measure Life
The measure life is assumed to be 15 years. (“Time of Sales” or
“Replacement on Burnout” measures) and 6 years (“Retrofit” measures).>"”

Operation and Maintenance Impacts

Due to differences in costs and lifetimes of replacement lamps and
ballasts between the efficient and baseline cases, there are significant
operation and maintenance impacts associated with this measure. Actual
operation and maintenance costs will vary by specific equipment
installed/replaced. For the selected examples:

Lost opportunity:  $-0.40 / year>'®
Retrofit: $2.50 / year®"’

314 Fraction of lighting heat that contributes to space heating. Based on 0.23 factor for
Washington DC (from 1993 ASHRAE Journal: Calculating Lighting and HVAC Interactions).

315 Typical heating system efficiency of 75%, consistent with current federal standards for fossil
fuel-fired systems.

6 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.

317 measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007,

http:/ /www.ctsavesenergy.org/files/ Measure%20Life%20Report%202007.pdf. On June 26, 2009,
U.S. Department of Energy issued a final rule amending the energy conservation standards for
general service fluorescent lamps. The standards established in the final rule will be applied
starting July 14, 2012. These standards essentially require that certain linear fluorescent lamp
types meet High Performance T8 specifications. For some equipment types, baseline lamps will
become unavailable and participants will be required to upgrade both lamps and ballasts to
High Performance T8s, thus negating any savings. Assuming a typical lamp has a lifetime of
18,000 hours and is operated approximately 3,300 hours per year, new lamps installed shortly
before the impending federal standards take effect will need to be replaced in early-2017,
indicating that savings should be claimed for only 6 years for measures installed in 2011.

318 Negative value indicates cost increase.

19 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.
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T5 Lighting

Unique Measure Code(s): CI_LT_TOS_T5_V1.0510 and
CI_LT_RTR_T5_V1.0510

Effective Date: March 2011

End Date:

Measure Description
This measure describes the installation of high-bay T5 lamp/ballast
systems.

Definition of Baseline Condition
The baseline condition is a metal-halide fixture.

Definition of Efficient Condition
The efficient condition is a four Lamp T5 High Output fixture.
Annual Energy Savings Algorithm

AkWh = ((WattsBASE - WattsEE) / 1000) x HOURS x ISR x WHFe

Where:
WattsBASE = Actual Connected load of baseline fixture
WattsEE = Actual Connected load of Metal Halide fixture
HOURS = Average hours of use per year

= If annual operating hours are unknown, see table
“Interior Non-CFL Lighting Operating Hours and Coincidence
Factors by Building Type” below. Otherwise, use site specific
annual operating hours information. 3%°
ISR = In Service Rate or percentage of units rebated that get
installed = 0.97 %'

30 site-specific annual operating hours should be collected following best-practice data

collection techniques as appropriate. In most cases, it should not be assumed that the lighting

hours of operation are identical to the reported operating hours for the business. Any use of

site-specific annual operating hours information will be subject to regulatory approval and
otential measurement and verification adjustment.

2! EmPOWER Maryland DRAFT 2010 Interim Evaluation Report, Chapter 2: Commercial and

Industrial Prescriptive, Navigant Consulting, 2010.
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WHFe = Waste Heat Factor for Energy to account for cooling
savings from efficient lighting.
=1.13 322

For example, a 240W T5 fixture installed in place of a 455W metal-halide in a
warehouse:

AKWh = ((455 - 240) / 1000) * 2316 * 0.97 * 1.13
= 545.8 kWh

Interior Non-CFL Lighting Operating Hours and Coincidence Factors by
Building Type®?

Building Type HOURS | CFpm  CFssp
College 2,348 0.76 0.76
Schools 1,632 0.31 0.28
Grocery/Supermarket 4,660 0.87 0.87
Health 3,213 0.73 0.76
Hospital 5,182 0.80 0.80
Lodging - Common Area 7,884 0.90 0.90
Lodging - Guest Rooms 914 0.09 0.09
Manufacturing 2,980 0.57 0.53
Office 2,567 0.61 0.60
Other/Misc. 1,797 0.34 0.32
Restaurant 3,613 0.65 0.67
Retail 2,829 0.73 0.76
Warehouse 2,316 0.54 0.55

Note: CFpm refers to the PJM Summer Peak Coincidence Factor (June to August
weekdays between 2 pm and 6 pm). CFssp refers to Summer System Peak
Coincidence Factor (hour ending 5pm on hottest summer weekday).

322 ywaste heat factor to account for cooling energy savings from efficient lighting. For a cooled
space, the value is 1.13 (calculated as 1 + (0.74*(0.45) / 2.5)). Based on 0.45 ASHRAE Lighting
waste heat cooling factor for Washington DC and estimate that 74% of commercial floorspace in
the Mid-Atlantic region is cooled (Delmarva Commercial Baseline Research Project, Final
Report, SAIC, 1995) with 2.5 C.0.P. typical cooling system efficiency (methodology adopted
from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

3 pevelopment of Interior Lighting Hours of Use and Coincidence Factor Values for EnPOWER
Maryland Commercial Lighting Program Evaluations, Itron, 2010. Additional discussion on
building type weighting methodology can be found in “Appendix: Weighting and Building Type
Classification”.
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Summer Coincident Peak kW Savings Algorithm

AKW = ((WattsBASE - WattsEE) /1000) x ISR x WHFd x CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
= 1.253%
CF = Summer Peak Coincidence Factor for measure

= See table “Interior Non-CFL Lighting Operating Hours and
Coincidence Factors by Building Type” above)
For example:, a 240W T5 fixture installed in place of a 455W metal-halide ina
warehouse:
AKW = ((455 - 240) / 1000) * 0.97 * 1.25 * 0.55

=0.14 kW
Annual Fossil Fuel Savings Algorithm

Note: Negative value denotes increased fossil fuel consumption.

AMMBTU = (-AkWh / WHFe) x 0.70 x 0.003413 x 0.23 / 0.75
= -AkWh x 0.00065
Where:
0.7 = Aspect ratio 3%

0.003413 = Constant to convert kWh to MMBTU

0.23 = Fraction of lighting heat that contributes to space
heating 3%
0.75 = Assumed heating system efficiency 3

%24 Waste heat factor to account for cooling demand savings from efficient lighting. For a
cooled space, the value is 1.25 (calculated as 1 + (0.74*(0.85) / 2.5)). Based on 2.5 COP cooling
system efficiency, estimate that 74% of commercial floor space in the Mid-Atlantic region is
cooled (Delmarva Commercial Baseline Research Project, Final Report, SAIC, 1995), and 85% of
lighting heat that needs to be mechanically cooled at time of summer peak (methodology
adopted from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

¥ HVAC-Lighting interaction impacts adapted from 1993 ASHRAE Journal: Calculating Lighting
and HVAC Interactions. Typical aspect ratio for perimeter zones. Heating factor applies to
perimeter zoneheat, therefore it must be adjusted to account for lighting in core zones.

* Fraction of lighting heat that contributes to space heating. Based on 0.23 factor for
Washington DC (from 1993 ASHRAE Journal: Calculating Lighting and HVAC interactions).
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For example:
AMMBTU

(-545.8 / 1.13) * 0.7 * 0.003413 * 0.23 / 0.75

-0.35 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure is assumed to be $300.%

Measure Life
The measure life is assumed to be 15 years.*”

Operation and Maintenance Impacts
n/a

37 Typical heating system efficiency of 75%, consistent with current federal standards for fossil
fuel-fired systems.

328 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.

319 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007,

http://www.ctsavesenergy.org/files/ Measure%20Life%20Report%202007.pdf
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Pulse-Start Metal Halide fixture - interior

Unique Measure Code(s): CI_LT_TOS_MHFIN_V1.0510 and
CI_LT_RTR_MHFIN_V1.0510

Effective Date: March 2011

End Date:

Measure Description
This measure documents the electricity impacts for the installation of a
high efficiency pulse-start metal halide fixture in an interior space.

Definition of Baseline Condition
The baseline condition is a mercury vapor fixture. For illustrative
purposes, a 205W mercury vapor fixture (~175W lamp wattage) is assumed.

Definition of Efficient Condition

The efficient condition is a pulse-start metal halide fixture. For
illustrative purposes, an 118W pulse-start metal halide fixture (-100W lamp
wattage) is assumed.

Annual Energy Savings Algorithm

AkWh = (WattsBASE - WattsEE) / 1000 x HOURS x ISR x WHFe

Where:
WattsBASE = Connected load of baseline fixture
= Actual installed

WattsEE = Connected load of Metal Halide fixture
= Actual installed
HOURS = Average hours of use per year

= If annual operating hours are unknown, see table
“Interior Non-CFL Lighting Operating Hours and Coincidence
Factors by Building Type” below. Otherwise, use site specific
annual operating hours information. 33°

0 Site-specific annual operating hours should be collected following best-practice data
collection techniques as appropriate. In most cases, it should not be assumed that the lighting
hours of operation are identical to the reported operating hours for the business. Any use of
site-specific annual operating hours information will be subject to regulatory approval and
potential measurement and verification adjustment.
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ISR = In Service Rate or percentage of units rebated that get
installed = 0.97 *'
WHFe = Waste Heat Factor for Energy to account for cooling
savings from efficient lighting.
13 332

Interior Non-CFL Lighting Operating Hours and Coincidence Factors by
Building Type™”

Building Type | HOURS | CFem | CFsp
College 2,348 0.76 0.76
Schools 1,632 0.31 0.28
Grocery/Supermarket 4,660 0.87 0.87
Health 3,213 0.73 0.76
Hospital 5,182 0.80 0.80
Lodging - Common Area 7,884 0.90 0.90
Lodging - Guest Rooms 914 0.09 0.09
Manufacturing 2,980 0.57 0.53
Office 2,567 0.61 0.60
Other/Misc. 1,797 0.34 0.32
Restaurant 3,613 0.65 0.67
Retail 2,829 0.73 0.76
Warehouse 2,316 0.54 0.55

331 EMPOWER Maryland DRAFT 2010 Interim Evaluation Report, Chapter 2: Commercial and
industrial Prescriptive, Navigant Consulting, 2010Based on the in-service rate negotiated
between Efficiency Vermont and the Vermont Department of Public Service; Mid-Atlantic
specific value should be determined with subsequent evaluations.

332 waste heat factor to account for cooling energy savings from efficient lighting. For a cooled
space, the value is 1.11 13 (calculated as 1 + (0.6374*(0.45) / 2.5)). Based on 0.45 ASHRAE
Lighting waste heat cooling factor for Washington DC and estimate that 6374% of commercial
floorspace in the Mid-Atlantic region is cooled (Delmarva Commercial Baseline Research
Project, Final Report, SAIC, 1995derived from Commercial Buildings Energy Consumption Survey
2003 data) with 2.5 C.0.P. typical cooling system efficiency (methodology adopted from
ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

333 pevelopment of Interior Lighting Hours of Use and Coincidence Factor Values for EnPOWER
Maryland Commercial Lighting Program Evaluations, Itron, 2010. Additional discussion on
building type weighting methodology can be found in “Appendix: Weighting and Building Type
Classification”.
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Note: CFpyu refers to the PJM Summer Peak Coincidence Factor (June to August
weekdays between 2 pm and 6 pm). CFssp refers to Summer System Peak
Coincidence Factor (hour ending 5pm on hottest summer weekday).

Summer Coincident Peak kW Savings Algorithm

AKW = ((WattsBASE - WattsEE) /1000) x ISR x WHFd x CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
=1.25%
CF = Summer Peak Coincidence Factor for measure

= See table “Interior Non-CFL Lighting Operating Hours and
Coincidence Factors by Building Type” above)

For example, assuming a warehouse installation:
AKW = ((205 - 118) / 1000) * 0.97 * 1.25 * 0.55

= 0.06 kW
Annual Fossil Fuel Savings Algorithm

Note: Negative value denotes increased fossil fuel consumption.

AMMBTU = (-AkWh / WHFe) x 0.70 x 0.003413 x 0.23 / 0.75
= -AkWh x 0.00065
Where:
0.7 = Aspect ratio 3°
0.003413 = Constant to convert kWh to MMBTU
0.23 = Fraction of lighting heat that contributes to space
heating 3%

33 Waste heat factor to account for cooling demand savings from efficient lighting. For a
cooled space, the value is 1.25 (calculated as 1 + (0.74*(0.85) / 2.5)). Based on 2.5 COP cooling
system efficiency, estimate that 74% of commercial floorspace in the Mid-Atlantic region is
cooled (Delmarva Commercial Baseline Research Project, Final Report, SAIC, 1995), and 85% of
lighting heat that needs to be mechanically cooled at time of summer peak (methodology
adopted from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

*3 HVAC-Lighting interaction impacts adapted from 1993 ASHRAE Journal: Calculating Lighting
and HVAC Interactions. Typical aspect ratio for perimeter zones. Heating factor applies to
perimeter zoneheat, therefore it must be adjusted to account for lighting in core zones.
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0.75 - Assumed heating system efficiency **

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $37.5.%%

Measure Life
The measure life is assumed to be 15 years.>*

Operation and Maintenance Impacts
n/a

33 Fraction of lighting heat that contributes to space heating. Based on 0.23 factor for
Washington DC (from 1993 ASHRAE Journal: Calculating Lighting and HVAC Interactions).

3% Typical heating system efficiency of 75%, consistent with current federal standards for fossil

fuel-fired systems.
338 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.

339 peasure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,

GDS Associates, June 2007,
http://www.ctsavesenergy.org/files/ Measure%20Life%20Report%202007.pdf
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Pulse Start Metal Halide - exterior

Unique Measure Code(s): CI_LT_TOS_MHFEX_V1.0510
Effective Date: March 2011
End Date:

Measure Description

This measure relates to the installation of a pulse start metal halide in
place of a standard metal halide in an exterior setting. This could relate to a
time of replacement or retrofit situation.

Definition of Baseline Condition
The baseline condition is defined as a standard metal halide.

Definition of Efficient Condition
The efficient condition is defined as a pulse start metal halide.

Annual Energy Savings Algorithm

AKWh = ((WattsBASE - WattsEE) / 1000) x HOURS x ISR

Where:
WattsBASE = Actual Connected load of baseline fixture
WattsEE = Actual Connected load of pulse start metal halide fixture
HOURS = Average hours of use per year
= If annual operating hours are unknown, assume 3,338 .
gfherwise, use site specific annual operating hours information.
ISR = In Service Rate or percentage of units rebated that get

installed = 0.97 3%

340 Efficiency Vermont Technical Reference Manual 2009-55, December 2008; based on 5 years
of metering on 235 outdoor circuits in New Jersey.

31 Site-specific annual operating hours should be collected following best-practice data
collection techniques as appropriate. In most cases, it should not be assumed that the lighting
hours of operation are identical to the reported operating hours for the business. Any use of
site-specific annual operating hours information will be subject to regulatory approval and
?otential measurement and verification adjustment.

“2 EMPOWER Maryland DRAFT 2010 Interim Evaluation Report, Chapter 2: Commercial and
Industrial Prescriptive, Navigant Consulting, 2010.
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For example, a 365W pulse start metal halide fixture is installed in place of a
455W standard metal halide:

AkWh = ((455 - 365) / 1000) * 3,338 * 0.97

= 291.4 kWh

Summer Coincident Peak kW Savings Algorithm
AKW = ((WattsBASE - WattsEE) /1000) x ISR x CF
Where:
CF = Summer Peak Coincidence Factor for measure

= 0.037 3%

For example:
AKW = ((455 - 365) / 1000) * 0.97 * 0.037

= 0.003 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $37.50.3*

Measure Life
The measure life is assumed to be 15 years.**®

Operation and Maintenance Impacts
n/a

;:3 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.

* Ibid.

345 ‘Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007,

http:/ /www.ctsavesenergy.org/ files/Measure%20Life%20Report%202007 . pdf
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High Pressure Sodium

Unique Measure Code(s): CI_LT_TOS_SODIUM_V1.0510 and
CI_LT_RTR_SODIUM_V1.0510

Effective Date: March 2011

End Date:

Measure Description
This measure relates to the installation of a High Pressure Sodium fixture
in an exterior location.

Definition of Baseline Condition
The baseline condition is a quartz halogen lamp.

Definition of Efficient Condition
The efficient condition is a high-pressure sodium lamp.

Annual Energy Savings Algorithm

AKWh = ((WattsBASE - WattsEE) / 1000) x HOURS x ISR

Where:
WattsBASE = Actual Connected load of baseline fixture
WattsEE = Actual Connected load of HPT8 fixture
HOURS = Average hours of use per year
= If annual operating hours are unknown, assume 3,338 3,
ggherwise, use site specific annual operating hours information.
ISR = In Service Rate or percentage of units rebated that get

installed = 0.97 34

346 Efficiency Vermont Technical Reference Manual 2009-55, December 2008; based on 5 years
of metering on 235 outdoor circuits in New Jersey.

7 Site-specific annual operating hours should be collected following best-practice data
collection techniques as appropriate. In most cases, it should not be assumed that the lighting
hours of operation are identical to the reported operating hours for the business. Any use of
site-specific annual operating hours information will be subject to regulatory approval and
?otential measurement and verification adjustment.

“ EmPOWER Maryland DRAFT 2010 Interim Evaluation Report, Chapter 2: Commercial and
Industrial Prescriptive, Navigant Consulting, 2010.
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For example, a 90W high pressure sodium lamp installed in place of a 200W
quartz halogen lamp:

AkWh = ((200 - 90) / 1000) * 3,338 * 0.97

=356.1 kWh

Summer Coincident Peak kW Savings Algorithm

AKW = ((WattsBASE - WattsEE) /1000) x ISR x CF
Where:

CF = Summer Peak Coincidence Factor for measure

= 0.0374 3%

For example:
AKW = ((200 - 90) / 1000) * 0.97 * 0.0374

= 0.0040 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $30.%*

Measure Life
The measure life is assumed to be 15 years.*’

Operation and Maintenance Impacts
n/a

9 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.

350 |bid.

31 'Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007,

http:/ /www.ctsavesenergy.org/files/ Measure%20Life%20Report%202007. pdf
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LED Exit Sign

Unique Measure Code(s): CI_LT_RTR_LEDEXI_V1.0510
Effective Date: May 2010
End Date:

Measure Description

This measure relates to the installation of an exit sign illuminated with
light emitting diodes (LED). This measure should be limited to retrofit
installations.

Definition of Baseline Condition
The baseline condition is an exit sign with a non-LED light-source.

Definition of Efficient Condition
The efficient condition is an exit sign illuminated with light emitting
diodes (LED).
Annual Energy Savings Algorithm
AkWh = ((WattsBASE - WattsEE) / 1000) x HOURS x ISR x WHFe
Where:

WattsBASE = Actual Connected load of existing exit sign. If connected
load of existing exit sign is unknown, assume 16 W.3>?

WattsEE = Actual Connected load of LED exit sign
HOURS = Average hours of use per year
= 8,760
ISR = In Service Rate or percentage of units rebated that get
installed = 0.97 ***
WHFe = Waste Heat Factor for Energy to account for cooling
savings from efficient lighting.
=1.13%%

%2 Assumes a fluorescent illuminated exit sign. Wattage consistent with ENERGY STAR
assumptions. See

http://www.energystar.gov/ia/business/small_business/ led_exitsigns_techsheet.pdf.

3 Assumes operation 24 hours per day, 365 days per year.

334 EmPOWER Maryland DRAFT 2010 Interim Evaluation Report, Chapter 2: Commercial and
Industrial Prescriptive, Navigant Consulting, 2010.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org



@ ] REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 2.0 Page 147 of 204

For example a 5W LED lamp in place of a 16W CFL:
AkWh = ((16 - 5) / 1000) * 8,760 * 0.97 * 1.13

= 105.6 kWh

Summer Coincident Peak kW Savings Algorithm

AkW = (WattsBASE - WattsEE) / 1000 x ISR x WHFd x CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
=1.25%¢
CF = Sum35m7er Peak Coincidence Factor for measure
=1.0

For example:
AKW = ((16 - 5) / 1000) * 0.97 * 1.25* 1.0

= 0.013 kW
Annual Fossil Fuel Savings Algorithm

Note: Negative value denotes increased fossil fuel consumption.

AMMBTU

(-AkWh / WHFe) x 0.70 x 0.003413 x 0.23 / 0.75
-AkWh x 0.00065

355 Waste heat factor to account for cooling energy savings from efficient lighting. For a cooled
space, the value is 1.13 (calculated as 1 + (0.74*(0.45) / 2.5)). Based on 0.45 ASHRAE Lighting
waste heat cooling factor for Washington DC and estimate that 74% of commercial floorspace in

the Mid-Atlantic region is cooled (Delmarva Commercial Baseline Research Project, Final
Report, SAIC, 1995) with 2.5 C.0.P. typical cooling system efficiency (methodology adopted
from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

3% waste heat factor to account for cooling demand savings from efficient lighting. For a

cooled space, the value is 1.25 (calculated as 1 + (0.74%(0.85) / 2.5)). Based on 2.5 COP cooling

system efficiency, estimate that 74% of commercial floorspace in the Mid-Atlantic region is

cooled (Delmarva Commercial Baseline Research Project, Final Report, SAIC, 1995), and 85% of

lighting heat that needs to be mechanically cooled at time of summer peak (methodology
adopted from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).
37 Etficiency Vermont Technical Reference Manual 2009-55, December 2008.
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Where:

0.7 = Aspect ratio 3%

0.003413 = Constant to convert kWh to MMBTU

0.23 = Fraction of lighting heat that contributes to space
heating 3

0.75 = Assumed heating system efficiency **

For example:

AMMBTU (-105.6/ 1.13) * 0.7 * 0.003413 * 0.23 / 0.75

-0.069 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $35.3¢

Measure Life
The measure life is assumed to be 7 years. %2

Operation and Maintenance Impacts
n/a

% HVAC-Lighting interaction impacts adapted from 1993 ASHRAE Journal: Calculating Lighting

and HVAC Interactions. Typical aspect ratio for perimeter zones. Heating factor applies to
erimeter zoneheat, therefore it must be adjusted to account for lighting in core zones.

> Fraction of lighting heat that contributes to space heating. Based on 0.23 factor for

Washington DC (from 1993 ASHRAE Journal: Calculating Lighting and HVAC Interactions).

* Typical heating system efficiency of 75%, consistent with current federal standards for fossil

fuel-fired systems.

3" Represents the full installed cost of an LED exit sign. LED exit signs can typically be

purchased for ~$25 (see http:/ /www exitlightco.com/Exit_Signs and

“http:/ /www.simplyexitsigns.com”). Assuming replacing exit sign requires 15 minutes of a

common building laborer's time in Washington D.C. (RSMeans Electrical Cost Data 2008), the

total installed cost would be approximately $35.

362 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,

GDS Associates, June 2007,

http:// www . ctsavesenergy.org/files/ Measure%20Life%ZORegort%202007.Qdf . Measure life in

source study is reduced by ~50% assuming existing equipment is at one half of its useful life.
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Solid State Lighting (LED) Recessed Downlight

Unique Measure Code: CI_LT_TOS_SSLDWN_V2.0711,
CI_LT_RTR_SSLDWN_V2.0711

Effective Date: July 2011

End Date:

Measure Description

This measure relates to the installation of an ENERGY STAR v1.3
qualified commercial LED recessed downlight in place of a standard efficiency
lighting technology®®. This measure could be either a lost-opportunity or
retrofit installation.

Definition of Baseline Condition
The baseline condition is a standard efficiency downlight technology
such as incandescent, compact fluorescent, or metal halide.

Definition of Efficient Condition
The efficient condition is an ENERGY STAR v1.3 qualified commercial LED
recessed downlight listed on the ENERGY STAR Qualified LED Lighting list***.

Annual Energy Savings Algorithm

For lost-opportunity installations:

AkWh = [(WattsEE * (WattsBASE:,/WattsEE:,,) - WattsEE) / 1000] * ISR *
HOURS * WHF,

= [((WattsEE * 3.08) - WattsEE) / 1000] * ISR * HOURS * WHF.

For retrofit installations:
AkWh = [(WattsBASE - WattsEE) / 1000] * ISR * HOURS * WHF.

Where:
WattsEE = Connected load of LED recessed downlight
= Actual Installed [W]
WattsBASE.,, = typical baseline wattage; assumed as 54.8W°*

363 See http://www.energystar.gov/ia/partners/product_specs/program_reqs/ Solid-
State_Lighting_Program_Requirements.pdf

34 The list can be found here:

http://www.energystar.gov/ index.cfm?fuseaction=ssl.display_products_com_pdf

365 Based on 2008-2010 Efficiency Vermont historical data of 835 installed measures
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WattsEE,,, = typical wattage of the LED recessed downlight; assumed

as 17.8W°3%¢

WattsBASE = Connected load of the baseline light fixture
= Actual Installed [W]

ISR = 0.97°9

HOURS = Average hours of use per year

= If annual operating hours are unknown, see table
“Interior Non-CFL Lighting Operating Hours and
Coincidence Factors by Building Type” below. Otherwise,
use site specific annual operating hours information®,
WHF, = Waste heat factor(energy) to account for space cooling
energy saving due to the generation of reduced lighting
waste heat.
= 1.13%

Summer Coincident Peak kW Savings Algorithm
AkW = [(WattsBASE - WattsEE) / 1,000] x ISR x WHF4 x CF
Where:
WHF 4 = Waste heat factor(demand) to account for space cooling
demand saving due to the generation of reduced lighting

waste heat.
= 1.25%70

3 Based on 2008-2010 Efficiency Vermont historical data of 835 installed measures
%7 "Verification of Reported Energy and Peak Savings from the EmPOWER Maryland Energy

Efficiency Programs,” Itron, Inc., March 2011.

368 site-specific annual operating hours should be collected following best-practice data
collection techniques as appropriate. In most cases, it should not be assumed that the lighting
hours of operation are identical to the reported operating hours for the business. Any use of
site-specific annual operating hours information will be subject to regulatory approval and
g)otential measurement and verification adjustment.

% Waste heat factor to account for cooling energy savings from efficient lighting. For a cooled
space, the value is 1.13 (calculated as 1 + (0.74*(0.45) / 2.5)). Based on 0.45 ASHRAE Lighting
waste heat cooling factor for Washington DC and estimate that 74% of commercial floorspace in
the Mid-Atlantic region is cooled (Delmarva Commercial Baseline Research Project, Final
Report, SAIC, 1995) with 2.5 C.0.P. typical cooling system efficiency (methodology adopted
from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

370 Waste heat factor to account for cooling demand savings from efficient lighting. For a
cooled space, the value is 1.25 (calculated as 1 + (0.74%(0.85) / 2.5)). Based on 2.5 COP cooling
system efficiency, estimate that 74% of commercial floorspace in the Mid-Atlantic region is
cooled (Delmarva Commercial Baseline Research Project, Final Report, SAIC, 1995), and 85% of
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CF = Summer Peak Coincidence Factor for measure
= See “Interior Non-CFL Lighting Operating Hours and
Coincidence Factors by Building Type” table in the
“Reference Tables” section.

Annual Fossil Fuel Savings Algorithm

AMMBTU = (-AkWh / WHFe) x Aspect Ratio x 0.003413 x Heating Fraction

/ NHeat
= -AkWh x 0.00065

Where:
Aspect Ratio = 0.70°"
0.003413 = MMBtu/kWh unit conversion factor
Heating Fraction (li§7I27ting heat that contributes to space heating)
=0.23
NHeat = 0. 75373

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure is assumed to be $80%”* for lost-
opportunity installations. Custom incremental costs should be calculated for
retrofit installations.

Measure Life
The measure life is assumed to be 10 years”.

lighting heat that needs to be mechanically cooled at time of summer peak (methodology
adopted from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

371 HYAC-Lighting interaction impacts adapted from 1993 ASHRAE Journal: Calculating Lighting
and HVAC Interactions. Typical aspect ratio for perimeter zones. Heating factor applies to
?erimeter zone heat, therefore it must be adjusted to account for lighting in core zones.

72 Fraction of lighting heat that contributes to space heating. Based on 0.23 factor for
Washington DC (from 1993 ASHRAE Journal: Calculating Lighting and HVAC Interactions).

373 Typical heating system efficiency of 75%, consistent with current federal standards for fossil
fuel-fired systems.

374 Efficiency Vermont Technical Reference User Manual No. 2010-67a

375 The ENERGY STAR specification for solid state recessed downlights requires luminaires to
maintain >=70% initial light output for 35,000 hours in a commercial application. Measure life is
therefore assumed to be 10 years (calculated as 35,000 hours divided by an approximate 3,500
annual operating hours).
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Operation and Maintenance Impacts

There are significant operation and maintenance savings associated with
this measure. If the actual existing or baseline system component costs are
unknown, use the followingj composite baseline component assumptions to
calculate the O&M impacts®’¢:

Assume 40% 26W Compact Fluorescent System

Lamp Life (hours): 10,000
Lamp Cost: $9.70
Lamp Rep. Labor Cost:  $2.67
Lamp Rep. Recycle Cost: $0.25
Ballast Life (hours): 40,000
Ballast Cost: $16.00
Ballast Rep. Labor Cost:  $25.00
Ballast Rep. Disposal Cost: $5.00

Assumed 60% Halogen PAR30/38
Lamp Life (hours): 2,500
Lamp Cost: $10.00
Lamp Rep. Labor Cost:  $2.67
The calculated net present value of the baseline replacement costs is $93.45.

Reference Tables

Interior Non-CFL Lighting Operating Hours and Coincidence Factors by
Building Type®”’

Building Type "HOURS | CFpum CFssp
College 2,348 0.76 0.76
Schools 1,632 0.31 0.28
Grocery/Supermarket 4,660 0.87 0.87
Health 3,213 0.73 0.76
Hospital 5,182 0.80 0.80

¥ Efficiency Vermont Technical Reference User Manual No. 2010-67a
*77 Development of Interior Lighting Hours of Use and Coincidence Factor Values for EmPOWER
Maryland Commercial Lighting Program Evaluations, Itron, 2010. Additional discussion on

building type weighting methodology can be found in “Appendix: Weighting and Building Type
Classification”.
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Building Type HOURS CFoum | CFssp
Lodging - Common Area 7,884 0.90 0.90
Lodging - Guest Rooms 914 0.09 0.09
Manufacturing 2,980 0.57 0.53
Office 2,567 0.61 0.60
Other/Misc. 1,797 0.34 0.32
Restaurant 3,613 0.65 0.67
Retail 2,829 0.73 0.76
Warehouse 2,316 0.54 0.55

Note: CFpy refers to the PJM Summer Peak Coincidence Factor (June to August
weekdays between 2 pm and 6 pm). CFssp refers to Summer System Peak
Coincidence Factor (hour ending 5pm on hottest summer weekday).
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Delamping

Unique Measure Code(s): CI_LT_ERT_DELAMP_V1.0510
Effective Date: May 2010
End Date:

Measure Description
This measure relates to the permanent removal of a lamp and the
associated electrical sockets (or “tombstones”) from a fixture.

Definition of Baseline Condition

The baseline conditions will vary dependent upon the characteristics of
the existing fixture. For illustrative purposes, a baseline three lamp 4ft T8
Fixture with input wattage of 89W is assumed.

Definition of Efficient Condition

The efficient condition will vary depending on the existing fixture and
the number of lamps removed. For illustrative purposes, a two lamp 4ft T8
Fixture on a three lamp ballast (67W) is assumed.
Annual Energy Savings Algorithm

AkWh = ((WattsBASE - WattsEE) / 1000) x HOURS x WHFe

Where:
WattsBASE = Actual Connected load of baseline fixture
WattsEE = Actual Connected load of delamped fixture
HOURS = Average hours of use per year

= If annual operating hours are unknown, see table
“Interior Non-CFL Lighting Operating Hours and Coincidence
Factors by Building Type” below. Otherwise, use site specific
annual operating hours information. 378
WHFe = Waste Heat Factor for Energy to account for cooling
savings from efficient lighting.

378 Site-specific annual operating hours should be collected following best-practice data
collection techniques as appropriate. In most cases, it should not be assumed that the lighting
hours of operation are identical to the reported operating hours for the business. Any use of
site-specific annual operating hours information will be subject to regulatory approval and
potential measurement and verification adjustment.
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=1.1337

Interior Non-CFL Lighting Operating Hours and Coincidence Factors by
Building Type™®

Building Type _ | HOURS | "CFew | CFssp
College 2,348 0.76 0.76
Schools 1,632 0.31 0.28
Grocery/Supermarket 4,660 0.87 0.87
Health 3,213 0.73 0.76
Hospital 5,182 0.80 0.80
Lodging - Common Area 7,884 0.90 0.90
Lodging - Guest Rooms 914 0.09 0.09
Manufacturing 2,980 0.57 0.53
Office 2,567 0.61 0.60
Other/Misc. 1,797 0.34 0.32
Restaurant 3,613 0.65 0.67
Retail 2,829 0.73 0.76
Warehouse 2,316 0.54 0.55

Note: CFpyy refers to the PJM Summer Peak Coincidence Factor (June to August
weekdays between 2 pm and 6 pm). CFssp refers to Summer System Peak
Coincidence Factor (hour ending 5pm on hottest summer weekday).

Summer Coincident Peak kW Savings Algorithm
AKW = ((WattsBASE - WattsEE) /1000) x WHFd x CF
Where:
WHFd = Waste Heat Factor for Demand to account for cooling

savings from efficient lighting
=1.25%

379 waste heat factor to account for cooling energy savings from efficient lighting. For a cooled
space, the value is 1.13 (calculated as 1 + (0.74*(0.45) / 2.5)). Based on 0.45 ASHRAE Lighting
waste heat cooling factor for Washington DC and estimate that 74% of commercial floorspace in
the Mid-Atlantic region is cooled (Delmarva Commercial Baseline Research Project, Final
Report, SAIC, 1995) with 2.5 C.0.P. typical cooling system efficiency (methodology adopted
from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

380 pevelopment of Interior Lighting Hours of Use and Coincidence Factor Values for ENPOWER
Maryland Commercial Lighting Program Evaluations, Itron, 2010. Additional discussion on
building type weighting methodology can be found in “Appendix: Weighting and Building Type
Classification”.
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CF = Summer Peak Coincidence Factor for measure
= See table “Interior Non-CFL Lighting Operating Hours and
Coincidence Factors by Building Type” above)

For example, one lamp of a three lamp 4ft T8 Fixture (89W) is removed
(leaving 67W) in an office:

AkW = ((89 - 67) / 1000) * 1.25 * 0.60
= 0.017 kW
Annual Fossil Fuel Savings Algorithm

Note: Negative value denotes increased fossil fuel consumption.

AMMBTU = (-AkWh / WHFe) x 0.70 x 0.003413 x 0.23 / 0.75
= -AkWh x 0.00065

Where:

0.7 = Aspect ratio 3

0.003413 = Constant to convert kWh to MMBTU

0.23 = Fraction of lighting heat that contributes to space
heating 3%

0.75 = Assumed heating system efficiency ***

Annual Water Savings Algorithm
n/a

Incremental Cost

*! Waste heat factor to account for cooling demand savings from efficient lighting. For a
cooled space, the value is 1.25 (calculated as 1 + (0.74*(0.85) / 2.5)). Based on 2.5 COP cooling
system efficiency, estimate that 74% of commercial floorspace in the Mid-Atlantic region is
cooled (Delmarva Commercial Baseline Research Project, Final Report, SAIC, 1995), and 85% of
lighting heat that needs to be mechanically cooled at time of summer peak (methodology
adopted from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

%2 HVAC-Lighting interaction impacts adapted from 1993 ASHRAE Journal: Calculating Lighting
and HVAC Interactions. Typical aspect ratio for perimeter zones. Heating factor applies to
perimeter zoneheat, therefore it must be adjusted to account for lighting in core zones.

** Fraction of lighting heat that contributes to space heating. Based on 0.23 factor for
Washington DC (from 1993 ASHRAE Journal: Calculating Lighting and HVAC Interactions).

384 Typical heating system efficiency of 75%, consistent with current federal standards for fossil
fuel-fired systems.
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The incremental cost for this measure is assumed to be $10.8 per
fixture.’®

Measure Life
The measure life is assumed to be 15 years. 38

Operation and Maintenance Impacts
Delamping reduces the number of periodic lamp replacements required,
saving $1.25/year.

385 Assumes delamping a single fixture requires 15 minutes of a common building laborer’s time
in Washington D.C.; Adapted from RSMeans Electrical Cost Data 2008.

38 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007,

http:/ /www.ctsavesenergy.org/ files/Measure%20Life%20Report%202007.pdf
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Occupancy Sensor - Wall box

Unique Measure Code(s): CI_LT_TOS_OSWALL_V1.0510
Effective Date: March 2011
End Date:

Measure Description

This measure defines the savings associated with installing a wall
mounted occupancy sensor that switches lights off after a brief delay when it
does not detect occupancy.

Definition of Baseline Condition
The baseline condition is lighting that is not controlled with an
occupancy sensor.

Definition of Efficient Condition

The efficient condition is lighting that is controlled with an occupancy
sensor.

Annual Energy Savings Algorithm

AkWh = kWconnected x HOURS x SVG x ISR x WHFe

Where:
kWconnected= Assumed kW lighting load connected to control.
HOURS = Average hours of use per year before control
= If annual operating hours are unknown, see table
“Interior Non-CFL Lighting Operating Hours and Coincidence
Factors by Building Type” below. Otherwise, use site specific
annual operating hours. 3¢
SVG = Percentage of annual lighting energy saved by lighting
control; determined on a site-specific basis or using
default below.

*7 Site-specific annual operating hours should be collected following best-practice data
collection techniques as appropriate. In most cases, it should not be assumed that the lighting
hours of operation are identical to the reported operating hours for the business. Any use of
site-specific annual operating hours information will be subject to regulatory approval and
potential measurement and verification adjustment.
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=0.3%

ISR = In Service Rate or percentage of units rebated that get
installed = 0.98 %

WHFe = Waste Heat Factor for Energy to account for cooling
savings from efficient lighting.
=1.137%

Interior Non-CFL Lighting Operating Hours and Coincidence Factors by

Building Type®’
Building Type HOURS |  CFpm CFssp
College 2,348 0.76 0.76
Schools 1,632 0.31 0.28
Grocery/Supermarket 4,660 0.87 0.87
Health 3,213 0.73 0.76
Hospital 5,182 0.80 0.80
Lodging - Common Area 7,884 0.90 0.90
Lodging - Guest Rooms 914 0.09 0.09
Manufacturing 2,980 0.57 0.53
Office 2,567 0.61 0.60
Other/Misc. 1,797 0.34 0.32
Restaurant 3,613 0.65 0.67
Retail 2,829 0.73 0.76
Warehouse 2,316 0.54 0.55

38 Quantum Consulting, Inc., for Pacific Gas & Electric Company, Evaluation of Pacific Gas &
Electric Company’s 1997 Commercial Energy Efficiency Incentives Program: Lighting
Technologies, March 1, 1999.

38 Based on the in-service rate negotiated between Efficiency Vermont and the Vermont
Department of Public Service; Mid-Atlantic specific value should be determined with
subsequent evaluations.

3% waste heat factor to account for cooling energy savings from efficient lighting. For a cooled
space, the value is 1.13 (calculated as 1 + (0.74*(0.45) / 2.5)). Based on 0.45 ASHRAE Lighting
waste heat cooling factor for Washington DC and estimate that 74% of commercial floorspace in
the Mid-Atlantic region is cooled (Delmarva Commercial Baseline Research Project, Final
Report, SAIC, 1995) with 2.5 C.O.P. typical cooling system efficiency (methodology adopted
from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

39 Development of Interior Lighting Hours of Use and Coincidence Factor Values for EnPOWER
Maryland Commercial Lighting Program Evaluations, Itron, 2010. Additional discussion on
building type weighting methodology can be found in “Appendix: Weighting and Building Type
Classification”.
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Note: CFepu refers to the PJM Summer Peak Coincidence Factor (June to August
weekdays between 2 pm and 6 pm). CFssp refers to Summer System Peak
Coincidence Factor (hour ending 5pm on hottest summer weekday).

Summer Coincident Peak kW Savings Algorithm

AKW = kWconnected x SVG x ISR x WHFd x CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
= 1,253
CF = Summer Peak Coincidence Factor for measure

= See table “Interior Non-CFL Lighting Operating Hours and
Coincidence Factors by Building Type” above)

For example a 400W connected load being controlled in an office:
AkW =0.4*0.3*0.98*1.25*0.60

=0.09 kw
Annual Fossil Fuel Savings Algorithm

Note: Negative value denotes increased fossil fuel consumption.

AMMBTU = (-AkWh / WHFe) x 0.70 x 0.003413 x 0.23 / 0.75
= -AkWh x 0.00065
Where:
0.7 = Aspect ratio 3%
0.003413 = Constant to convert kWh to MMBTU
0.23 = Fraction of lighting heat that contributes to space
heating ***

2 waste heat factor to account for cooling demand savings from efficient lighting. For a
cooled space, the value is 1.25 (calculated as 1 + (0.74*(0.85) / 2.5)). Based on 2.5 COP cooling
system efficiency, estimate that 74% of commercial floorspace in the Mid-Atlantic region is
cooled (Delmarva Commercial Baseline Research Project, Final Report, SAIC, 1995), and 85% of
lighting heat that needs to be mechanically cooled at time of summer peak (methodology
adopted from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

3% HVAC-Lighting interaction impacts adapted from 1993 ASHRAE Journal: Calculating Lighting
and HVAC Interactions. Typical aspect ratio for perimeter zones. Heating factor applies to
perimeter zoneheat, therefore it must be adjusted to account for lighting in core zones.
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0.75 = Assumed heating system efficiency 3%

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $55.3%

Measure Life
The measure life is assumed to be 10 years.*"’

Operation and Maintenance Impacts
n/a

3% Fraction of lighting heat that contributes to space heating. Based on 0.23 factor for
Washington DC (from 1993 ASHRAE Journal: Calculating Lighting and HVAC Interactions).
3% Typical heating system efficiency of 75%, consistent with current federal standards for fossil

fuel-fired systems.
3% Efficiency Vermont Technical Reference Manual 2009-55, December 2008.

97 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,

GDS Associates, June 2007,
http://www.ctsavesenergy.org/files/Measure%20Life%20Report%202007 . pdf
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Heating Ventilation and Air Conditioning (HVAC) End Use

High Efficiency Unitary AC - Existing

Unique Measure Code(s): CI_HV_TOS_UNIA/C_V1.0510
Effective Date: March 2011
End Date:

Measure Description

This measure documents savings associated with the installation of new
split or packaged unitary air conditioning systems meeting defined efficiency
criteria.

Definition of Baseline Condition

The baseline condition is a split or packaged unitary air conditioning
system meeting minimum efficiency standards as presented in the 2009
International Energy Conservation Code (IECC 2009) gsee table “Baseline and
Efficient Efficiency Levels by Unit Capacity” below)®®,

Definition of Efficient Condition

The efficient condition is a split or packaged unitary air conditioning
system meeting minimum Consortium for Energy Efficiency (CEE) Tier 1
efficiency standards as defined below (see table “Baseline and Efficient
Efficiency Levels by Unit Capacity” below).

Baseline and Efficient Efficiency Levels by Unit Capacity

Baseline Efficiency
Condition (IECC Condition (CEE
Equipment Type Size Category Subcategory 2009) ' Tier 1)
Air Conditioners, | <¢5,000 Btu/h Split syste 13.0 SEER 14.0 SEER
Air Cooled Pt system 12.0 EER
. 14.0 SEER
Single package 13.0 SEER 11.6 EER
265,000 Btu/h and Split system and 11.0 EER 11.5 EER
<135,000 Btu/h single package 11.2 IEER TBD IEER
2135,000 Btu/h and | Split system and 10.8 EER 11.5 EER
<240,000 Btu/h single package 11.0 IEER TBD IEER

**® Integrated Energy Efficiency Ratio (IEER) requirements have been incorporated from ASHRAE

90.1-2007, “Energy Standard for Buildings Except Low-Rise Residential Buildings”. IECC 2009
does not present IEER requirements.
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o Sl i Crimde CC. | .Condition (CEE
Equipment Type | Size Category | Subcategory Tierl) .
2240,000 Btu/h and | Split system and 9.8 EER 10.5 EER
<760,000 Btu/h single package 9.9 IEER TBD IEER
Split system and 9.5 EER 9.7 EER
2760,000 Btu/h single package | 9.6 IEER TBD IEER

Notes: 1) All table baseline efficiency ratings assume a non-electric resistance heating section
type. If electric resistance heating section (or no heating section), subtract 0.2 from each
baseline efficiency rating value. 2) To date, the Consortium for Energy Efficiency (CEE) has not
published efficiency requirements in terms of the Integrated Energy Efficiency Ratio (IEER).
When a new specification is released, this table should be updated.

Annual Energy Savings Algorithm

For units with capacities less than 65,000 Btu/h, the energy savings are
calculated using the Seasonal Energy Efficiency Ratio (SEER) as follows:

AkWh = (Btu/hour/1000) x [(1/SEERBASE - 1/SEEREE)] x HOURS

For units with capacities greater than or equal to 65,000 Btu/h, the energy
savings are calculated using the Energy Efficiency Ratio (EER) as follows:

AkWh = (Btu/hour/1000) x [(1/EERBASE - 1/EEREE)] x HOURS

Where:

Btu/hour = Size of equipment in Btu/hour
= Actual Installed

SEEREE = SEER Efficiency of efficient unit

= Actual Installed

SEERBASE = SEER Efficiency of baseline unit

= Based on IECC 2009 for the installed capacity. See table above.
EEREE = EER Efficiency of efficient unit

= Actual Installed

EERBASE = EER Efficiency of baseline unit

= Based on IECC 2009 for the installed capacity. See table above.
HOURS = Full load cooling hours

= If actual full load cooling hours are unknown, assume 848 (default)
Otherwise, use site specific full load cooling hours information.

399

3% BG&E Development of Commercial Load Profiler for Central Air Conditioners and Heat
Pumps, Version 2. 3/2/10; 848 full load cooling hours.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org




@ REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 2.0 Page 164 of 204

For example, a 5 ton unit with SEER rating of 14.0:
AkWh = (60,000/1000) * (1/13 - 1/14) * 848

= 279.6 kWh

Summer Coincident Peak kW Savings Algorithm

AkW = (Btu/hour/1000) x [(1/EERBASE - 1/EEREE)] x CF

Where:

EERbase = EER Efficiency of baseline unit

= Based on IECC 2009 for the installed capacity. See table above.
EERee = EER Efficiency of efficient unit

= Actual installed

CFrm =PJM Summer Peak Coincidence Factor (June to August weekdays
between 2 pm and 6 pm) valued at peak weather

= 0.808 “°

CFssp = Summer System Peak Coincidence Factor (hour ending 5pm on hottest
summer weekday)

=0.923 %

For example, a 5 ton unit with EER rating of 12:%2
AKW = (60,000/1000) * (1/10.8 - 1/12) * 0.808
=0.45 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

0 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
Combined with full load hour assumptions used for efficiency measures to account for diversity
of equipment usage within the peak period hours.

! Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
“ Assumes baseline unit with 13 SEER converted to EER using the following estimate: EER =
SEER/1.2
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The incremental cost for this measure is assumed to be $100 per ton for units
with capacities less than 65,000 Btu/h and $120 per ton for units with
capacities greater than or equal to 65,000 Btu/h.*”

Measure Life
The measure life is assumed to be 15 years.***

Operation and Maintenance Impacts
n/a

403 Based on personal communication with VT equipment distributors and a review of Cost
Values and Summary Documentation for 2008 Database for Energy-Efficient Resources,
California Public Utilities Commission.

404 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007,

http://www.ctsavesenergy.org/ files/Measure%20Life%20Report%202007 .pdf
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Variable Frequency Drive (VFD)

Unique Measure Code(s): CI_MO_TOS_VFDRIVE_V1.0510
Effective Date: March 2011
End Date;

Measure Description

This measure defines savings associated with installing a Variable
Frequency Drive on a motor of 10 HP or less for the following HVAC
applications: supply fans, return fans, exhaust fans, chilled water pumps, and
boiler feedwater pumps. The fan or pump speed will be controlled to maintain
the desired system pressure. The application must have a load that varies and
proper controls (Two -way valves, VAV boxes) must be installed.

Definition of Baseline Condition
The baseline condition is a motor, 10HP or less, without a VFD control.

Definition of Efficient Condition
The efficient condition is a motor, 10HP or less, with a VFD control.

Annual Energy Savings Algorithm

AkWh = [(HP x 0.746) / nBASE] x HOURS x ESF

Where:
HP = Motor Horse Power
= Actual controlled motor horse power
0.746 = kWh per HP conversion factor
nBASE = Efficiency of baseline motor

I

Actual efficiency

HOURS = Annual hours of operation
= If actual operating hours are unknown, see table “VFD
Operating Hours by Application and Building Type” below.
Otherwise, use site specific operating hours information.

ESF = Energy Savings Factor (see table “Energy and Demand
Savings Factors” below)

For example, a 10HP motor with VFD used on supply fan application in an office
(assume 90% motor efficiency and constant volume baseline control):
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AKWh = [(10 * 0.746) / 0.9] * 3,748 * 0.717

= 22,280 kWh
VFD Operating Hours by Application and Building Type*®
o e SRR Motor - Wat S Heating

Facility Type Hours Pumps Pumps
Auto Related 4,056 1,878 6,000
Bakery 2,854 1,445 6,000
Banks, Financial Centers 3,748 1,767 6,000
Church 1,955 1,121 6,000
College - Cafeteria 6,376 2,713 6,000
College -

Classes/Administrative 2,586 1,348 6,000
College - Dormitory 3,066 1,521 6,000
Commercial Condos 4,055 1,877 6,000
Convenience Stores 6,376 2,713 6,000
Convention Center 1,954 1,121 6,000
Court House 3,748 1,767 6,000
Dining: Bar Lounge/Leisure 4,182 1,923 6,000
Dining: Cafeteria / Fast Food 6,456 2,742 6,000
Dining: Family 4,182 1,923 6,000
Entertainment 1,952 1,120 6,000
Exercise Center 5,836 2,518 6,000
Fast Food Restaurants 6,376 2,713 6,000
Fire Station (Unmanned) 1,953 1,121 6,000
Food Stores 4,055 1,877 6,000
Gymnasium 2,586 1,348 6,000
Hospitals 7,674 3,180 6,000
Hospitals / Health Care 7,666 3,177 6,000
Industrial - 1 Shift 2,857 1,446 6,000
industrial - 2 Shift 4,730 2,120 6,000
Industrial - 3 Shift 6,631 2,805 6,000
Laundromats 4,056 1,878 6,000
Library 3,748 1,767 6,000
Light Manufacturers 2,857 1,446 6,000
Lodging (Hotels/Motels) 3,064 1,521 6,000
Mall Concourse 4,833 2,157 6,000
Manufacturing Facility 2,857 1,446 6,000
Medical Offices 3,748 1,767 6,000
Motion Picture Theatre 1,954 1,121 6,000

405 U) and CL&P Program Savings Documentation for 2009 Program Year, October 2008.
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Multi-Family (Common Areas) 7,665 3,177 6,000
Museum 3,748 1,767 6,000
Nursing Homes 5,840 2,520 6,000
Office (General Office Types) 3,748 1,767 6,000
Office/Retail 3,748 1,767 6,000
Parking Garages & Lots 4,368 1,990 6,000
Penitentiary 5,477 2,389 6,000
Performing Arts Theatre 2,586 1,348 6,000
Police / Fire Stations (24 Hr) 7,665 3,177 6,000
Post Office 3,748 1,767 6,000
Pump Stations 1,949 1,119 6,000
Refrigerated Warehouse 2,602 1,354 6,000
Religious Building 1,955 1,121 6,000
Residential (Except Nursing
Homes) 3,066 1,521 6,000
Restaurants 4,182 1,923 6,000
Retail 4,057 1,878 6,000
School / University 2,187 1,205 6,000
Schools (Jr./Sr. High) 2,187 1,205 6,000
Schools
(Preschool/Elementary) 2,187 1,205 6,000
Schools
(Technical/Vocational) 2,187 1,205 6,000
Small Services 3,750 1,768 6,000
Sports Arena 1,954 1,121 6,000
Town Hall 3,748 1,767 6,000
Transportation 6,456 2,742 6,000
Warehouse (Not Refrigerated) 2,602 1,354 6,000
Waste Water Treatment Plant 6,631 2,805 6,000
Workshop 3,750 1,768 6,000
Energy and Demand Savings Factors*’®
© = HVAC Fan VFD Savings Factors
Baseline - B DSF
Constant Volume 0.717 0.466
AF/BI 0.475 0.349
AF/BI IGV 0.304 0.174
FC 0.240 0.182
FCIGV 0.123 0.039

“% Ul 'and CL&P Program Saving Documentation for 2009 Program Year; energy and demand
savings constants were derived using a temperature BIN spreadsheet and typical heating,

cooling and fan load profiles.
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HVAC Pump VFD Savings Factors
System ' ESF |  DSF -
Chilled Water Pump 0.580 0.401
Hot Water Pump 0.646 0.000

AF/BI = Air foil / backward incline
AF/BI IGV = AF/B! Inlet guide vanes
FC = Forward curved

FC IGV = FC Inlet guide vanes

Summer Coincident Peak kW Savings Algorithm

AkW = [(HP x 0.746) / nBASE] x DSF x CF

Where:
DSF = Demand Savings Factor (see table “Energy and Demand
Savings Factors” above)
CF = Summer Peak Coincidence Factor for measure

= 0.55 (pumps) and 0.28 (fans) *”

For example, a 10HP motor with VFD used on supply fan application in an office
(assume 90% motor efficiency and constant volume baseline control):

AkW = [(10 /* 0.746)/ 0.9] * 0.466 * 0.28
=1.08 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure varies by controlled motor hp. See
table “VFD Incremental Costs” below.

“7 Ul and CL&P Program Saving Documentation for 2009 Program Year, Table 1.1.1; HVAC -
Variable Frequency Drives - Pumps.
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VFD Incremental Costs*%®
WP [ Fan | Pump
5 $920 $1,710
7.5 $1,310 | $2,100
10 $1,320 $2,150

Measure Life
The measure life is assumed to be 15 years for HVAC applications. **°

Operation and Maintenance Impacts

n/a

Page 170 of 204

“% Ul and CL&P Program Savings Documentation for 2009 Program Year, October 2008.

9 Efficiency Verm
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Electric Chillers

Unique Measure Code: CI_HV_TOS_ELCHIL_V2.0711,
CI_HV_RTR_ELCHIL_V2.0711,

Effective Date: July 2011

End Date:

Measure Description

This measure relates to the installation of a new high-efficiency electric
water chilling package in place of a standard efficiency electric water chilling
package. This measure could relate to either a lost-opportunity or retrofit
installation.

Definition of Baseline Condition

Lost-Opportunity: The baseline condition is a standard efficiency water
chilling package equal to the requirements presented in the International
Energy Conservation Code 2009 (IECC 2009), Table 503.2.3(7).

Retrofit: The baseline condition is an existing water chilling package.

Definition of Efficient Condition

The efficient condition is a high-efficiency electric water chilling
package exceeding the requirements presented in the International Energy
Conservation Code 2009 (IECC 2009), Table 503.2.3(7).
Annual Energy Savings Algorithm

AkWh = TONS * (IPLVbase - IPLVee) * HOURS

Where:
TONS = Total installed capacity of the water chilling
package[tons]
= Actual Installed
IPLVbase = Integrated Part Load Value (IPLV)*® of the baseline
equipment [kW/ton]

= For lost-opportunity: Varies by equipment type and
capacity. See “Lost-Opportunity Baseline Equipment

10 Integrated Part Load Value (IPLV) is an HVAC industry standard single-number metric for
reporting part-load performance.
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Efficiency” table in the “Reference Tables” section
below*"
= For retrofit: the actual IPLV of the existing equipment
IPLVee = Integrated Part Load Value (IPLV) of the efficient
equipment [kW/ton]
= Actual Installed
HOURS = Full load cooling hours
= If actual full load cooling hours are unknown, assume
values presented in table “Default Electric Chiller Full
Load Cooling Hours” in the “Reference Tables” section
below. Otherwise, use site specific full load cooling hours
information.

Summer Coincident Peak kW Savings Algorithm
AKW = TONS x (Full_Loadbase - Full_Loadee) x CF

Where:

Full_Loadbase = Full load efficiency of the baseline equipment [kW/ ton]
= For lost-opportunity: Varies by equipment type and
capacity. See “Lost-Opportunity Baseline Equipment
Efficiency” table in the “Reference Tables” section
below*'?
= For retrofit: the actual full load efficiency of the
existing equipment

Full_Loadee = Full load efficiency of the efficient equipment
= Actual Installed [kW/ton]

CFem = PJM Summer Peak Coincidence Factor (June to August
weekdays between 2 pm and 6 pm) valued at peak weather
= 0.808""

CFssp = Summer System Peak Coincidence Factor (hour ending
5pm on hottest summer weekday)
=0.923*"

! Baseline efficiencies based on International Energy Conservation Code 2009, Table
503.2.3(7) Water Chilling Packages, Efficiency Requirements.

“12 Baseline efficiencies based on International Energy Conservation Code 2009, Table
503.2.3(7) Water Chilling Packages, Efficiency Requirements.

“3 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
Combined with full load hour assumptions used for efficiency measures to account for diversity
of equipment usage within the peak period hours.

“14 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
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Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be custom.

Measure Life
The measure life is assumed to be 23 years*”.

Operation and Maintenance Impacts
n/a

Reference Tables

6

Lost-Opportunity Baseline Equipment Efficiency®

Equipment , 3 Path A® | PathB*
‘Size Category Units Full 1 Full

Type P i Load IPLV Load IPLV
Air-Cooled <150 tons EER 29.562 | 212.500 | NA NA

Chillers 2150 tons EER 20.562 | 212.750 | NA NA

Water Cooled, | <75 tons kW/ton | <0.780 | <0.630 | <0.800 | <0.600
Electrically >75 tons and <150 tons | kW/ton | <0.775 | <0.615 | <0.790 | <0.586
gg:i;;’f}:d' 150 tons and <300 tons | KW/ton | <0.680 | <0.580 | <0.718 | <0.540
Displacement 2300 tons kWiton | <0.620 [ <0.540 | <0.639 | <0.490
Water Cooled, <150 tons kWiton | <0.634 | <0.596 | <0.639 | <0.450
Electrically >150 tons and <300 tons | kWi/ton | <0.634 | <0.596 | <0.639 | <0.450
Operated, 2300 tons and <600 tons | kW/ton | 0.576 | <0.549 <0.600 | <0.400
Centrifugal 2600 tons kW/ton | <0.570 | <0.539 | <0.590 | <0.400

a. Compliance with IECC 2009 can be obtained by meeting the minimum requirements of Path A

or B. However, both the full load and IPLV must be met to fulfill the requirements of Path A or

B.

#15 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,

GDS Associates, June 2007, "http://www.ctsavesenergy.org/files/Measure Life Report

2007.pdf"

416 Baseline efficiencies based on International Energy Conservation Code 2009, Table

503.2.3(7) Water Chilling Packages, Efficiency Requirements.
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Default Electric Chiller Full Load Cooling Hours*”

"
] &
21 28 ‘3 g | E
Building Type | System Type* | ™ | m o d o @ 1
Community CAVw/ 752 | 781 | 836 | 777 | 897 | 833 | 952
College economizer
Community CAVw/o
College oo | 1,010 | 1,048 | 1,121 | 1,044 | 1,202 | 1,117 | 1,274
Community | VAV w/ 585 | 607 | 649 | 605 | 695 | 647 | 736
College economizer
) CAV w/
High School oo | 428 | 440 | 463 | 439 | 489 | 462 | 514
. CAVw/o
HighSchool | 2010 | 819 | 830 | 851 | 829 | 875 | 850 | 896
) VAV w/
HighSchool | 0V ™0 | 306 | 316 | 336 | 315 | 359 | 335 | 379
. CAV w/
Hospital cconomizer | 1,307 | 1,341 | 1,406 | 1,338 | 1,479 | 1,403 | 1,543
Hospital CAV w/o 2,094 | 2,135 | 2,213 | 2,130 | 2,302 | 2,210 | 2,379
economizer
) VAV w/
Hospital cconomizer | 1,142 | 1,165 | 1,208 | 1,162 | 1,257 | 1,206 | 1,300
CAV w/
Hotel o e | 2972 2,972 | 2,971 | 2,972 | 2,971 | 2,971 | 2,971
CAVw/o
Hotel oo | 3,166 | 3,165 | 3,163 | 3,165 | 3,161 | 3,163 | 3,159
Hotel VAV W/ 2,953 | 2,958 | 2,967 | 2,957 | 2,977 | 2,966 | 2,986
economizer
Large Retail | CAY W/ 987 | 1,011 | 1,057 | 1,009 | 1,109 | 1,055 | 1,155
economizer
) CAV wio
large Retail | -°0 ™00 11,719 | 1,730 | 1,750 | 1,729 | 1,772 | 1,749 | 1,792
) VAV w/
large Retail | °" % | 817 | 838 | 877 | 835 | 921 | 875 | 959
. - CAV w/
Office Building | 2™ | 700 | 710 | 729 | 709 | 750 | 728 | 768

“” HOURS estimates developed from data presented in "New York Standard Approach for
Estimating Energy Savings from Energy Efficiency Programs”, TecMarket Works, October 15,
2010, adjusted to Mid-Atlantic region using cooling degree day estimates from Typical
Meteorological Year 3 (TMY3) data published by the National Renewable Energy Laboratory.
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8
>:5 a §
H g
o ]
1o i Q.
-3 3
Lo R R o
Building Type | System Type® 0
" [CAVw/o
Office Building economizer 2,162 2,318 | 2,249 | 2,377
Office Building | YAY W/ 670 | 685 | 716 | 684 | 749 | 714 | 779
economizer
University CAVw/ 796 | 822 | 871 | 819 | 925 | 868 | 974
economizer
— CAV w/o
University VWi 1,103 | 1,135 | 1,198 | 1,132 | 1,267 | 1,194 | 1,329
— VAV w/
University W er | 626 | 645 | 682 | 643 | 724 | 680 | 760

a. “CAV” refers to constant air volume systems whereas “VAV” refers to variable air volume
systems.
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Gas Boiler

Unique Measure Code: CI_HV_TOS_GASBLR_V2.0711,
CI_HV_RTR_GASBLR_V2.0711

Effective Date: July 2011

End Date:

Measure Description

This measure relates to the installation of a high efficiency gas boiler in
the place of a standard efficiency gas boiler. This measure could be either a
lost-opportunity or retrofit installation.

Definition of Baseline Condition

Lost-Opportunity: The baseline condition is a gas boiler equal to the
requirements presented in the International Energy Conservation Code 2009
(IECC 2009). See the “Lost-Opportunity Baseline Equipment Efficiency” table in
the “Reference Tables” section

Retrofit: The baseline condition is an existing gas boiler

Definition of Efficient Condition

The efficient condition is a high-efficiency gas boiler exceeding the
requirements presented in the International Energy Conservation Code 2009
(IECC 2009). See the “Lost-Opportunity Baseline Equipment Efficiency” table in
the “Reference Tables” section.

Annual Energy Savings Algorithm
n/a

Summer Coincident Peak kW Savings Algorithm
n/a

Annual Fossil Fuel Savings Algorithm
AMMBtu = CAP x HOURS X (1/EFFpase - 1/EFFee) / 1,000,000
Where:

CAP = Equipment capacity [Btu/h]
= Actual Installed
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HOURS = Full Load Heating Hours
= See “Heating Full Load Hours” table in the “Reference
Tables” section below?"

EFFpase = The efficiency of the baseline equipment; Can be
expressed as thermal efficiency (E;), combustion efficiency
(Ec), or Annual Fuel Utilization Efficiency (AFUE),
depending on equipment type and capacity.
= For lost-opportunity: See “Lost-Opportunity Baseline
Equipment Efficiency” table in the “Reference Tables”
section below*"”’
= For retrofit: the actual efficiency of the existing
equipment

EFFee = The efficiency of the efficient equipment; Can be
expressed as thermal efficiency (E;), combustion efficiency
(E.), or Annual Fuel Utilization Efficiency (AFUE),
depending on equipment type and capacity.
= Actual Installed

1,000,000 = Btu/MMBtu unit conversion factor

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $0.012 per Btu/h
for units <300,000 Btu/h and $0.10 per Btu/h for units >= 300,000 Btu/h*?,

Measure Life
The measure life is assumed to be 20 years*'.

Operation and Maintenance Impacts
n/a

418 HOURS estimates developed from data presented in "New York Standard Approach for
Estimating Energy Savings from Energy Efficiency Programs”, TecMarket Works, October 15,
2010, adjusted to Mid-Atlantic region using heating degree day estimates from Typical
Meteorological Year 3 (TMY3) data published by the National Renewable Energy Laboratory.
419 Baseline efficiencies based on International Energy Conservation Code 2009, Table
503.2.3(5) Boilers, Gas- and Oil-Fired, Minimum Efficiency Requirements.

420 |ncremental Cost based on analysis of proprietary vendor data from models such as
MicoFlame, DynaFlame, NY Thermal, Patterson Kelley and more, and from DOE "Energy
Conservation Program for Certain Industrial Equipment: Test Procedures and Energy
Conservation Standards for Commercial Heating, Air-Conditioning, and Water Heating
Equipment Final Rule Technical Support Document”. September 14, 2009.

41 Focus on Energy Evaluation. Business Programs: Measure Life Study. August 25, 2009.
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Reference Tables

Lost-Opportunity Baseline Equipment Efficiency*? ‘ ‘
T O " 'Size Catedory | Subcategoryor | Minimum
Aoy o Rating Condition | Efficiency.
Hot water 80% AFUE
<300,000 Btu/h Steam 75% AFUE
. >=300,000 Btu/h and 75% E,and
Boilers, Gas-fired <=2,500,000 Btwh | Minimum capacity |  80% E,
Hot water 80% E.
>2,500,000 Btu/h Steam 80% E,

Heating Full Load Hours*

g' o a s g o g 2,? ,l § ‘gl

£ s 8 3 8 2 o
S s ® & & &8 8 A
Assembly 676 692 620 657 451 507 559
Auto Repair 2,292 | 2,344 | 2,106 | 2,229 | 1,543 | 1,728 | 1,901
Big Box Retail 286 298 241 271 107 151 192
Fast Food Restaurant 957 983 866 926 590 681 766
Full Service Restaurant 988 1,016 891 956 597 694 784
Grocery 286 298 241 271 107 151 192
Light Industrial 867 885 803 845 608 672 732
Motel 659 667 632 650 547 575 601
Primary School 978 993 926 960 767 819 868
Religious Worship 750 754 737 746 698 711 723
Small Office 511 524 466 496 329 374 416
Small Retail 657 674 595 636 410 471 528
Warehouse 556 576 487 533 278 347 411
Other 805 823 739 783 541 606 667

“2 Baseline efficiencies based on International Energy Conservation Code 2009, Table
503.2.3(5) Boilers, Gas- and Qil-Fired, Minimum Efficiency Requirements.

“2 HOURS estimates developed from data presented in "New York Standard Approach for
Estimating Energy Savings from Energy Efficiency Programs”, TecMarket Works, October 15,
2010, adjusted to Mid-Atlantic region using heating degree day estimates from Typical
Meteorological Year 3 (TMY3) data published by the National Renewable Energy Laboratory.
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Gas Furnace

Unique Measure Code: CI_HV_TOS_GASFUR_V2.0711,
CI_HV_RTR_GASFUR_V2.0711

Effective Date:

End Date:

Measure Description

This measure relates to the installation of a high efficiency gas furnace
with capacity less than 225,000 Btu/h with an electronically commutated fan
motor (ECM) in the place of a standard efficiency gas furnace. This measure
could be either a lost-opportunity or retrofit installation.

Definition of Baseline Condition

Lost-Opportunity: The baseline condition is a gas furnace with an
Annual Fuel Utilization Efficiency (AFUE) of 80% with a standard efficiency
furnace fan.

Retrofit: The baseline condition is an existing gas furnace.

Definition of Efficient Condition

The efficient condition is a high-efficiency gas furnace with an AFUE of
90% or higher. This characterization only applies to furnaces with capacities
less than 225,000 Btu/h with an electronically commutated fan motor (ECM).

Annual Energy Savings Algorithm**
AKWh = 733 kWh*?
Summer Coincident Peak kW Savings Algorithm

AKW = 0.19 Kw*2¢

“2 Energy and Demand Savings come from the ECM furnace fan motor. These motors are also
available as a separate retrofit on an existing furnace.

425 peemed savings from ECM Furnace Impact Assessment Report. Prepared by PA Consulting for
the Wisconsin Public Service Commission 2009. Based on in depth engineering analysis and
interviews taking into account the latest research on behavioral aspects of furnace fan use.

426 Efficiency Vermont Technical Reference User Manual No. 2010-67a. Measure Number I-A-6-a.
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Annual Fossil Fuel Savings Algorithm
AMMBtu = CAP x HOURS x [(1/AFUEpase) - (1/AFUEee)] / 1,000,000

Where:
CAP = Capacity of the high-efficiency equipment [Btu/h]
= Actual Installed
HOURS = Full Load Heating Hours
= See “Heating Full Load Hours” table in the “Reference
Tables” section below™
AFUEpgse = Annual Fuel Utilization Efficiency of the baseline
equipment
= For lost-opportunity: 0.80*%
= For retrofit: the actual AFUE of the existing equipment
AFUE,, = Annual Fuel Utilization Efficiency of the efficient
equipment
= Actual Installed.
1,000,000 = Btu/MMBtu unit conversion factor

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $0.009 per
Btu/h*?°,

Measure Life
The measure life is assumed to be 18 years*?.

“’ HOURS estimates developed from data presented in “New York Standard Approach for
Estimating Energy Savings from Energy Efficiency Programs”, TecMarket Works, October 15,
2010, adjusted to Mid-Atlantic region using heating degree day estimates from Typical
Meteorological Year 3 (TMY3) data published by the National Renewable Energy Laboratory.

“*® Baseline efficiencies based on International Energy Conservation Code 2009, Table
503.2.3(4) Warm Air Furnaces and Combination Warm Air Furnaces/Air-Conditioning Units,
Warm Air Duct Furnaces and Unit Heaters, Minimum Efficiency Requirements. Review of GAMA
shipment data indicates a more suitable market baseline is 80% AFUE. The baseline unit is non-
condensing.

“® Incremental Cost based on analysis of proprietary vendor data from models from Gibson and
Frigadaire, and from DOE "Energy Conservation Program for Certain Industrial Equipment: Test
Procedures and Energy Conservation Standards for Commercial Heating, Air-Conditioning, and
Water Heating Equipment Final Rule Technical Support Document”. September 14, 2009.
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Operation and Maintenance Impacts
n/a

Reference Tables

Heating Full Load Hours™*'

o - S | = ; g R o
Building Type 9 2 | &8 | B | B | o
Assembly 676 692 620 657 451 507 559
Auto Repair 2,292 | 2,344 | 2,106 | 2,229 | 1,543 | 1,728 | 1,901
Big Box Retail 286 298 241 271 107 151 192
Fast Food Restaurant 957 983 866 926 590 681 766
Full Service Restaurant 988 1,016 891 956 597 694 784
Grocery 286 298 41 271 107 151 192
Light Industrial 867 885 803 845 608 672 732
Motel 659 667 632 650 547 575 601
Primary School 978 993 926 960 767 819 868
Religious Worship 750 754 737 746 698 711 723
Small Office 511 524 466 496 329 374 416
Small Retail 657 674 595 636 410 471 528
Warehouse 556 576 487 533 278 347 411
Other 805 823 739 783 541 606 667

4% measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007, "http://www.ctsavesenergy.org/files/Measure Life Report
2007.pdf"

41 HOURS estimates developed from data presented in "New York Standard Approach for
Estimating Energy Savings from Energy Efficiency Programs”, TecMarket Works, October 15,
2010, adjusted to Mid-Atlantic region using heating degree day estimates from Typical
Meteorological Year 3 (TMY3) data published by the National Renewable Energy Laboratory
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Dual Enthalpy Economizer

Unique Measure Code: CI_HV_RTR_DEECON_V2.0711
Effective Date: July 2011
End Date:

Measure Description

This measure involves the installation of a dual enthalpy economizer to
provide free cooling during the appropriate ambient conditions. This measure
applies only to retrofits.

Definition of Baseline Condition
The baseline condition is the existing HVAC system, without dual
enthalpy economizer controls.

Definition of Efficient Condition
The efficient condition is the HVAC system with dual enthalpy
economizer controls.

Annual Energy Savings Algorithm
AkWh = TONS * SF

Where:
TONS = Actual Installed
SF = Savings factor for the installation of dual enthalpy
economizer control [kWh/ton],
= See “Savings Factors” table in “Reference Tables”
section below™?

Summer Coincident Peak kW Savings Algorithm

AKW = 0 kw*33

“2 kWh/ton savings from "New York Standard Approach for Estimating Energy Savings from
Energy Efficiency Programs”, TecMarket Works, October 15, 2010, scaled based on enthalpy
data from New York City and Mid-Atlantic cities from Typical Meteorological Year 3 (TMY3) data
published by the National Renewable Energy Laboratory.
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Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $400 for a dry

bulb economizer baseline and $800 for a fixed damper baseline**.

Measure Life
The measure life is assumed to be 10 years*®.

Operation and Maintenance Impacts
n/a

Reference Tables

Savings Factors*®

] e S| g| El=z3| g| 7
Savings Factors - o2 | zZ | L2 |38 | 2% | 95
(kWh/ton) S tmg | B3 | 82 | J% | BE | n2
= e 5 < -
| " | 8| 8| §|5*| =] 8§
Assembly 26 22 25 29 25 27 25
Big Box Retail 144 125 143 165 141 155 139
Fast Food 37 32 37 42 36 40 36
Full Service Restaurant 29 25 29 34 29 32 28
| Light Industrial 24 21 23 27 23 25 23
Primary School 40 34 39 45 39 43 39
Small Office 177 153 175 201 173 189 171
Small Retail 90 78 89 103 88 97 87
Religious 6 5 6 6 6 6 6
Warehouse 2 2 2 2 2 2 2
Other 58 50 57 66 57 62 56

3 Demand savings are assumed to be zero because economizer will typically not be operating
during the peak period.
43 Cost ranges from $250-$400 when going from a dry bulb economizer baseline; only one

source gives cost of going from a fixed damper baseline (5800)
“3 General agreement among sources; Recommended value from Focus on Energy Evaluation.

Business Programs: Measure Life Study. August 25, 2009.
6 kWh/ton savings from NY Standard Approach Model, with scaling factors based on enthalpy

data from NYC and Mid-Atlantic cities.
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Refrigeration End Use

Efficient Freezer

Unique Measure Code(s): CI_RF_TOS_FREEZER_V1.0510
Effective Date: March 2011
End Date:

Measure Description

This measure describes the installation of an ENERGY STAR qualified,
high-efficiency packaged commercial reach-in freezer, typically used by
foodservice establishments.

Definition of Baseline Condition

The baseline condition is a standard-efficiency packaged commercial
reach-in freezer.

Definition of Efficient Condition
The efficient condition is an ENERGY STAR qualified, high-efficiency
packaged commercial reach-in freezer.

Annual Energy Savings Algorithm

AkWh = (kWhBASEdailymax - kWhEEdailymax) x 365

Where:
kWhBASEdailymax *7 = 0.40v+1.38 (solid door)
= 0.75V+4.10 (glass door)

kWhEEdailymax 8

Solid Door Cabinets:
0<V<15: <=0.250V+1.250
15<=V<30: <=0.400V-1.000
30<=V<50: <=0.163V+6.125

“7 Nadel, S. Packaged Commercial Refrigeration Equipment: A Briefing Report for Program
Planners and Implementers, ACEEE, 12/2002.

% High Efficiency Specifications for Commercial Refrigerators and Freezers, Consortium for
Energy Efficiency, 1/1/2010.
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50<=V: <=0.158V+6.333
Glass Door Cabinets:
0<V<15; <=0.607V+0.893
15<=V<30: <=0.733V-1.000
30<=V<50: <=0.250+13.5000
50<=V: <=0.450V+3.500

Chest Configuration:
Solid or Glass Door Cabinets:
<=0.270V+0.130

V = Association of Home Appliances Manufacturers (AHAM)
volume

For example, for a 50 ft?solid door refrigeration unit:
AkWh = ((0.4*50+1.38)-(0.158*50+6.333))*365

= 2608.7 kWh

Summer Coincident Peak kW Savings Algorithm

AKW = (AKWh/HOURS) x CF

Where:
HOURS = Full load hours
= 5858 1%
CF = Summer Peak Coincidence Factor for measure
= 0,772+

For example, for a 50 ft? solid door refrigeration unit:
AKW = (2608.7 / 5858) * 0.772

= 0.34 kW

“* Efficiency Vermont Estimate, Derived from Washington Electric Coop data by West Hilt
Energy Consultants.

#0 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
Combined with full load hour assumptions used for efficiency measures to account for diversity
of equipment usage within the peak period hours.
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Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost 4!

The incremental cost for this measure is assumed to be:

0<V<=32: $150

32<V<=60: $200

60<=V<80: $250.

Measure Life
The measure life is assumed to be 9 years.**

Operation and Maintenance Impacts
n/a

“1 Nadel, S. Packaged Commercial Refrigeration Equipment: A Briefing Report for Program
Planners and Implementers, ACEEE, 12/2002.

“Z Energy Savings Potential for Commercial Refrigeration Equipment, Arthur D. Little, Inc.,
1996.
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Hot Water End Use

C&l Heat Pump Water Heater

Unique Measure Code(s): CI_WT_TOS_HPCIHW_V1.0510
Effective Date: May 2010
End Date:

Measure Description

This measure relates to the installation of a Heat Pump water heater in
place of a standard electric water heater. This measure could relate to either a
retrofit or a new installation.

Definition of Baseline Condition
The baseline condition is a standard electric water heater.

Definition of Efficient Condition
The efficient condition is a heat pump water heater.

Annual Energy Savings Algorithm

AKWH = (kBtu_req / 3.413) x ((1/EFbase) - (1/EFee))

Where:
kBtu_req (Office) = Requirlggj annual heating output of office (kBtu)
= 6,059
kBtu_req (School) = Require4c4[4 annual heating output of school (kBtu)
= 22,191

443 Assumes an office with 25 employees; According to 2003 ASHRAE Handbook: HVAC
Applications, Office typically uses 1.0 gal/person per day.

Assumes an 80F temperature rise based on a typical hot water holding tank temperature
setpoint of 140F and 60F supply water. Actual supply water temperature will vary by season
and source.

Water heating requirement equation adopted from FEMP Federal Technology Alert: Commercial
Heat Pump Water Heater, 2000.

“4 Assumes an elementary school with 300 students; According to 2003 ASHRAE Handbook:
HVAC Applications, Elementary School typically uses 0.6 gal/person per day of operation.
Assumes 37 weeks of operation.

Assumes an 80F temperature rise based on a typical hot water holding tank temperature
setpoint of 140F and 60F supply water. Actual supply water temperature will vary by season
and source.

Water heating requirement equation adopted from FEMP Federal Technology Alert: Commercial
Heat Pump Water Heater, 2000.
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3.413 = Conversion factor from kBtu to kWh
EFee = Energy Factor of Heat Pump domestic water
heater
=2.0%
EFbase = Energy Factor of baseline domestic water heater
= 0.904 “
AkWH Office = (6,059 / 3.413) * ((1/0.904) - (1/2.0))
= 1076.2 kWh
AKWH School = (22,191 / 3.413) * ((1/0.904) - (1/2.0))
= 3941.4 kWh

If the deemed “kBtu_req” estimates are not applicable, the following equation
can be used to estimate annual water heating energy requirements:

kBtu_req = GPD x 8.33 x 1.0 x WaterTempRise x 365
Where:
GDP = Average daily hot water requirements
(gallons/day)
= Actual usage (Note: days when the building is
unoccupied must be included in the averaging calculation)
8.33 = Density of water (lb/gallon)
1.0 = Specific heat of water (Btu/lb-°F)
WaterTempRise = Difference between average temperature of water
delivered to site and water heater setpoint (°F)
365 = Days per year

Summer Coincident Peak kW Savings Algorithm

AKW = AkWh / Hours * CF

Where:
Hours (Office) = Run hours in office
= 5885
Hours (School) = Run hours in school
= 2218 %%

445 Efficiencies based on ENERGY STAR Residential Water Heaters, Final Criteria Analysis:

http://www.energystar.gov/ia/partners/prod_development/new_specs/downloads/water_hea

ters/WaterHeaterDraftCriteriaAnalysis. pdf

“4 Ibid.

::: ﬁaqgculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
id.
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CF (Office) = Summer Peak Coincidence Factor for office
measure
=0.630 **
CF (School) = Summer Peak Coincidence Factor for school
measure
= 0.580 *°
AkW Office = (1076.2 / 5885) * 0.630
=0.12 kW
AKW School =(3941.4 / 3.413) * 0.580
=1.03 kW

If annual operating hours and CF estimates are unknown, use deemed HOURS
and CF estimates above. Otherwise, use site specific values.

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $925.%"

Measure Life
The measure life is assumed to be 10 years. **2

Operation and Maintenance Impacts
n/a

“9 Ibid.

0 bid.

1 Cost based on ENERGY STAR Residential Water Heaters, Final Criteria Analysis:
http://www.energystar.gov/ia/ partners/prod_development/new_specs/downloads/ water_hea
ters/WaterHeaterDraftCriteriaAnalysis.pdf

“? Vermont Energy Investment Corporation “Residential Heat Pump Water Heaters: Energy
Efficiency Potential and Industry Status” November 2005.
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Plug Load End Use

"Smart-Strip” plug outlets

Unique Measure Code: CI_PL_TOS_SMARTS_V2.071 1
Effective Date: July 2011
End Date:

Measure Description

This measure relates to the installation of a “smart-strip” plug outlet in
place of a standard “power strip,” a device used to expand a single wall outlet
into multiple outlets. This measure is assumed to be a lost-opportunity
installation.

Definition of Baseline Condition

The baseline condition is a standard “power strip”. This strip is simply a
“plug multiplier” that allows the user to plug in multiple devices using a single
wall outlet. Additionally, the baseline unit has no ability to control power flow
to the connected devices.

Definition of Efficient Condition

The efficient condition is a “smart-strip” plug outlet that functions as
both a “plug multiplier” and also as a plug load controller. The efficient unit
has the ability to essentially disconnect controlled devices from wall power
when the “smart strip” detects that a controlling device, or master load, has
been switched off. The efficient device effectively eliminates standby power
consumption (phantom power) for all controlled devices™ when the master
load is not in use.

Annual Energy Savings Algorithm
AKWh = 24 KWh**

Summer Coincident Peak kW Savings Algorithm
AKW = 0 kW*?

Annual Fossil Fuel Savings Algorithm
n/a

453 Most “smart-strips” have one or more uncontrolled plugs that can be used for devices where
a constant power connection is desired such as fax machines and wireless routers.

454 Deemed savings from “State of Ohio Energy Efficiency Technical Reference Manual”, Vermont
Energy Investment Corporation, August 2010.

455 Deemed savings from "State of Ohio Energy Efficiency Technical Reference Manual”, Vermont
Energy Investment Corporation, August 2010.
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Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $16 for a 5-plug
$26 for a 7-plug™®.

Measure Life
The measure life is assumed to be 4 years*’

Operation and Maintenance Impacts

n/a

436 NYSERDA Measure Characterization for Advanced Power Strips
57 David Rogers, Power Smart Engineering, "Smart Strip Electrical Savings and Usability,"
October 2008
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APPENDIX

. Supporting Calculation Work Sheets

For each of the embedded excel work sheets below, double click to open
the file and review the calculations.

1. Clothes Washer Calculation Sheet

2. MidAtlantic CFL adjustments.xls - this contains 6 tabs; the first details
the ISR and Measure Life adjustments, the second the CFL delta watts
multiplier calculations, and the remaining tabs show the Operation and
Maintenance calculations for RES CFL, RES Interior Fixture, RES Exterior
Fixtures and C&l CFL.

. Recommendation for Process and Schedule for Maintenance and Update
of TRM Contents

. Description of Unique Measure Codes

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org



YEMB)SEM pue Jaje | [edlunpy/Aunwwog UMX6£00°'0

10jeINOlEd YY1 S ADHINT uo paseq paje

XIW [end Jakiqg pue pmHQ Aq sBuiaes Aidniny v

dM Plepuelg |eiapay maN §°6
10]BIN2JBD ¥y 1S ADYINT uo paseq pejejnoje) 291

L0C sulleseg
010¢ suljeseg

umi  gzi SZl ole sbuineg dwnd sejep
gPejenojes 420 19 ‘b 904 400 lenuuy
W@%ﬂf@@ LLT6 omg g L ¢ T
inajed ieol 29l €l 1’82 peoy/sbuineg 131 M\ jenuuy
LL0Z oLoe
€ dv1sS VLS
H3LL 330 AOYHINT | AOyaANT
plepuelg ¢ sl 339 S €Joll 330
Piepuejs wnwiuiw Jeyg ABraug maN 9 1102 ¥V1S ADN3NT
PJepuejs wnuwiujw Jeyg Absoug G/ 0102 ¥V1S A9¥3NT

sBuireg dwng Jajep sjejnojen ¢

ieyol

Jshlug

uopesedo aulyoR MO

BunesH sopepm

uoieradQ selugreysep
doj asn pu3 Aq
uondwnsuosn Ayouyoeg

Joyep
£'60€ 6292 z/12 %001

iyt =TT 120 €202 B/u 19°0 G'6L1 B/u 050 'Syl %29
omnm]  B/U B/u 'l B/u B/u 8'81 B/u /U 26l %l
d 1y pE0 V€0 08 0£°0 0€0 9'69 ¥Z'0 v20 G'9G %92
Rk TS seg oujd8|g o se9 | owoej3 o se9 ooal3  [esn pu3 Aq jusoieg

_EE uondwnsuon
B)S o9 Aipuosjg
LT
winog] € ¥31L 330 LL0Z ¥V1S AONINT 0102 MV.LS ADYINT

PC01’1 LOYB[qEY/Jpd/SIoiEsipusse

‘ohjuepy pi Jog (S

S919AD # . (4aW443/L - d3Weseg/L) ,ow

BaWo(15y/S3|qge) S00294/S00Zs981/5931NoWdA0
3Y) Aeaing uopdwnsuog ABseug lenuspisay 500z Jo

‘uonjesedo JoAip pue Joysem ioj esn pus Aq sBuiaes epiaiq z

"90p BIT MMM/ Ny

obeliore payblopn zgz

Piepueig ¢ Jel] 330 z'Z
Piepuels wnwijujw 1eyg ABisug map z
Plepuejs wnwiuiw Jeys ABieug g°|

Piepuelg |esope 9z'|
wesboud J A u o abesony ¢z'¢
'@0Inog
£'60¢ €Y31L 33D
6°L92 L10Z ¥V1S AD¥INT
[AVAYA 0L0Z ¥V1S AO¥ANT

NIOA J8ysem = suyoew Jad sbuines yppy

S9JoAD #

43N € ¥3I1L 33D
43N 0L0Z ¥v1s3
43N 0102 ¥vis3
43N eseg
BWIN|OA Jaysepn
LIV

auyorw Jad seek ted sbujnes UM 3jenojen °g

€ d3IL 33D pue Yv1S ADYINT - }193YS 3I0M Jaysep sayjol)




310°dasaummm

[/16°098°T8L d  TZYTZO VIN ‘UOIBUIXST ANUBAY ||SMLIEH 16  sdiysiouned Asuaiy] AB1au3 1seayoN

88°0 a1ey (jeisul
-Jeok 1511} Ul pajjeIsul swnsse - sjusdsspuedul Buioejdal s||elsul [eUOHIPPE 1O} JUNCIOE O

oy aunsesiy
leuofippe 10981 01

sk 1'G
aimny ut 740 Buioeldal spun woy sBuines ainny

%¢EY sjusosepuesul eoe|dal o} sjfelsul 81NNy Jo %
%/G (seseds se ybnoq) s140 aoe|dal 0} sjleIsul 81NN} JO %
(29d) d 1 o3 ybnoiy peseyoind sjonpoid Buijieisul JON 10} suosesy :/-g Sldel

swieiboig bunybi [enuapisey £00Z JUOWISA pue ‘pue|S| OPOUY ‘SHESNYOESSE| B} JO UoheN[eAs 1oedwy

sk Z'G (Jodai e 1o dwnp uo paseq) ayi| Jonpoud [enul
910 Jlejsul ainny, alojeisy L
160 (Apmis M\ TH 6002 Woy) Siey (Iejsu] swinsi
180 (Aprig Jemodwa woud) ajey |[eisu] (el

Pe09°L6  |%01°66 %0¥°L6 Do o 9jed uone[EIsul QWINPT
—rmmJ 991 ILTT Jpol[esul 2q 0} syonpoid Jo Toqumu W]
F\wm L€ oSz LNyl pay[EIsut 3q 01 A1oy] s1onpoid Jo Jqumy]

%09"9L %099 , Je3 UOHE[[EISUT TEIA-)SILY
SOl 126 L DA[[ISTT 1943 sjonpoid Jo JoquInNj
mmﬂﬁ 20T'1 sjonpoid Jo Joquunu [ejo]]

mog ] u
AINSBIA 30%&.—«2 AANSBIIA

So12y UONE||EISU| oWje)i] PUe JeaA-1siid Jo uonenfed :|z=5 Siqel
(6002) uonenjeAaz yoedwj umopiie Buiybi [epuapisay

6gd




B. Recommendation for Process and Schedule for Maintenance and
Update of TRM Contents

Once developed, the Mid-Atlantic TRM will benefit from an objective and
thoughtful update process. Defining a process that coordinates with the needs
of users, evaluators, and regulators is critical. Below we outline our
preliminary proposal for a Process for the update of information and
récommendations on the coordination of the timing of this process with other
critical activities.

Proposed TRM Update Process

Once a TRM has been developed, it is vital that it is kept up to date, amended,
and maintained in a timely and effective manner. There are three main points
in time when a TRM is most likely to require changes:

1. New measure additions - As new technologies become cost effective, they
will need to be characterized and added to the manual.

2. Existing measure updates - Updates will be required for a number of
reasons. Examples include: the federal standard for efficiency of a
measure is increased; the qualification criteria are altered; the measure
cost falls; or a new evaluation provides a better value of an assumption
for a variable. In such cases, the changes must be flagged and
appropriate changes made to the TRM.

3. Retiring existing measures - When the economics of a measure become
such that it is no longer cost effective, or the free rider rate is so high
that it is not worth supporting, the measure should be retired.

It is important to maintain a record of changes made to the TRMs over time. It
is therefore recommended to establish and maintain a Master Manual,
containing all versions of each TRM in chronological order, and an abridged
User Manual, in which only the current versions of active measures are
included. Archived older information can be made available on a website or
other accessible location.

The flowchart presented below outlines steps that will result in effective
review and quality control for TRM updates.
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TRM Update Process Flow Chart

Step Process Flow Responsible Party
Identify Need for Addition or Program Administrator, Evaluator,
1 Modification and/or TRM Manager

Develop 1st Draft of New

2 Measure Characterization Party which identified need
Circulate 1st Draft to Other
3 Parties/Stakeholders Party which drafts

}

Informal feedback on 1st
4 Draft All stakeholders

|

Revised 1st draft based on

5 feedback and recirculate TRM Manager
[ Consensus Proposal ] | Disagreement ]
6 [ FomalTAGmtg | Al stakeholders

[ Disagreement |

7 [~ Decision/Approval__| Regulators
8 [ Update TRM_____| TRM Manager
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Step

TRM Update Process Flow Chart

Process Flow Responsible Party
Identify Need for Addition or| Program Administrator, Evaluator,
Modification and/or TRM Manager

Develop 1st Draft of New
Measure Characterization Party which identified need

Circulate 1st Draft to Other

Parties/Stakeholders Party which drafts
Informal feedback on 1st
Draft All stakeholders

}

Revised 1st draft based on
feedback and recirculate TRM Manager

\

__Consensus Proposal | L___ Disagresment ]

l Formal TAG mtg ] A stakeholders

| Disagresment ]

[ Decision/Approval | Regulators

[___ Update TRM ] TRM Manager

Key Roles and Responsibilities

* Program administrators (utilities, MEA, SEU)

(@]

o

Identifies need for new or revised measure characterization (usually
due to program changes or program/market feedback)

Researches and develops 1* draft measure characterizations when it
identifies need

Develops 2" draft measure characterizations following feedback on 1%t
draft from all parties

Feedback on draft measure characterizations from other parties
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o Participant in Technical Advisory Group (TAG) for formal discussion and
dispute resolution when needed
o Input to regulators if TAG process does not resolve all issues
« Independent TRM Manager (consultant or mutually agreed upon nominee)
o ldentifies need for revised measure characterization (usually based on
knowledge of local or other relevant evaluation studies)
o Researches and develops 1t draft measure characterizations when it
identifies need
o Feedback on 1 draft measure characterizations from other parties
o Develops 2" draft measure characterizations following feedback on 1%
draft from all parties
o Leads Technical Advisory Group (TAG) for formal discussion and dispute
resolution when needed
o Input to regulators if TAG process does not resolve all issues
o Manages and updates TRM manuals
o Evaluators
o ldentifies need for revised measure characterization (usually based on
local evaluation studies it has conducted or managed)
o Input on draft measure characterizations developed by other parties
o Participates in TAG meetings when appropriate
o Performs program evaluation - includes statewide market assessment
and baseline studies, savings impact studies (to measure the change in
energy and / or demand use attributed to energy efficiency), and other
energy efficiency program evaluation activities
o Verifies annual energy and capacity savings claims of each program and
portfolio
o Regulators/Commission staff
o May serve as ultimate decision maker in any unresolved disputes
between implementers, evaluators, and TRM Manager

Note that the process and responsibilities outlined above assume that the
manager of the TRM is an entity independent from the program administrators.
This is the approach the state of Ohio has recently adopted, with the Public
Utilities Commission hiring a contractor to serve that function. Alternatively,
the TRM could be managed by the Program Administrators themselves. That
approach can also work very well as long as there is an independent party
responsible for (1) reviewing and (2) either agreeing with proposed
additions/changes or challenging such changes - with the regulators having
final say regarding any disputes.

The process outlined above also assumes that there are several potential stages
of “give and take” on draft modifications to the TRM. At a minimum, there is
at least one round of informal feedback and comment between the program
administrators and the independent reviewer (TRM manager or otherwise).
Other parties could be invited to participate in this process as well. In the
event that such informal discussions do not resolve all issues, the participants
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Coordination with Other Savings Assessment Activities

Although the TRM will be a critically important tool for both DSM planning and
estimation of actual savings, it will not, by itself, ensure that reported savings
are the same as actual savings. There are two principal reasons for this:

savings.

2. The TRM may have assumptions or protocols that new information
suggests are outdated. New information that could inform the

but they are particularly common as local evaluations or annual savings
verification processes are completed. Obviously, the TRM should be
updated to reflect such new information. However, it is highly likely that

These two issues highlight the fact that the TRM needs to be integrated into a
broader process that has two other key components: an annual savings
verification process and on-going evaluation.

In our view, an annual savings verification process should have several key
features.

1. It should include a review of data tracking systems used to record
information on efficiency measures that have been installed. Among
other things, this review should assess whether data appear to have been
appropriately and accurately entered into the system.
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2. It shoutd include a review of all deemed savings assumptions underlying
the program administrators’ savings claims to ensure that they are
consistent with the TRM.

3. It should include a detailed review of a statistically valid, random sample
of custom commercial and industrial projects to ensure that custom
savings protocols were appropriately applied. Ata minimum, engineering
reviews should be conducted; ideally, custom project reviews should
involve some on-site assessments as well.

4. These reviews should be conducted by an independent organization with
appropriate expertise.

5. The participants will need to have a process in place for quickly resolving
any disputes between the utilities or program administrators on the one
hand and the independent reviewer on the other.

6. The results of the independent review and the resolution of any
disagreements should ideally be very transparent to stakeholders.

such verification ensures that information is being tracked accurately and in a
manner consistent with the TRM. However, as important as it is, verification
does not ensure that reported savings are “actual savings”. TRMs are never
and can never be perfect. Even when the verification process documents that
assumptions have been appropriately applied, it can also highlight questions
that warrant future analysis that may lead to changes to the TRM. Put another
way, evaluation studies are and always will be necessary to identify changes
that need to be made to the TRM. Therefore, in addition to annual savings
verification processes, evaluations will periodically be made to assess or
update the underlying assumption values for critical components of important
measure characterizations.

in summary, there should be a strong, sometimes cyclical relationship between
the TRM development and update process, annual compliance reports, savings
verification processes, and evaluations. As such, we recommend coordinating
these activities. An example of the timeline established from such a
coordinated process is given below.

In this example, it assumed that updates to the TRM occur only in the second
half of the year. One option is to establish two specific update deadlines: one
at the end of August and the other at the end of December. The first would
ensure that the best available data are available for utility planning for the
following year. The second would ensure that best available assumptions are
in place prior to the start of the new program year. The rationale for not
updating the TRM during the first half of the year is that time is usually
devoted, in part, to documenting, verifying and approving savings claims from
the previous year. For example, the program administrator will likely require
two months to produce its annual savings claim for the previous year. An
independent reviewer will then require two to three months to review and
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probe that claim, with considerable back and forth between the two parties

being very common. Typically, final savings estimates for the previous year are
not finalized and approved until June.

Needless to say, the definitive schedule for savings verification and TRM
updating will need to be developed with considerable input from state
regulators. This plan and timeline will be also informed by each region’s
Independent Program Evaluator and the EM&V plans they propose.
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Annual Verification and T

RM Update Timeline (example)

Jul \ Aug \ Sep \ Oct \ Nov \ Dec

Jan \ Feb | Mar Apr May‘ Jun

Utility

~ - Draft

Evaluator

TRM Manager/
Implementation
staff

Northeast Energy Efficiency Partnerships

Draft new or updated TRMs
developed and submitted to TRM
Manager, participate in TAG

Technical Advisory Group (TAG)
negotiations and evaluation

Refers need for TRM updates 10 TRW
Manager, provides input on TRMs

91 Hartwell Avenue Lexington, MA 02421

Draft new or updated TRMs
developed, Review drafts provided
by utilities, participate in TAG,
propose new or updated TRMs
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C. Description of Unique Measure Codes

underscores, in the following format:
Sector_End Use_Program Type_Measure_TRMversionv#.MonthYear

A description of the abbreviations used in the codes is provided in the tables
below:

[ SECTOR
RS Residential

Ci Commercial & Industrial
END USE

LT Lighting

RF Refrigeration

HV Heating, Ventilation, Air Conditioning
WT Hot Water

LA Laundry

SL Shell (Building)

MO Motors and Drives
PROGRAM TYPE

TOS Time of Sale

RTR Retrofit

ERT Early Retirement

INS Direct Install

MEASURE

CFLSCR Compact Fluorescent Screw-In
CFLFIN Compact Fluorescent Fixture, Interior
CFLFEX Compact Fluorescent F ixture, Exterior
REFRIG Refrigerator
FANMTR | Furnace Fan Motor
RA/CES Window Air Conditioner Energy Star
RA/CT1 Window Air Conditioner Tier 1
CENA/C Central Air Conditioner
SHWRHD | Low Fiow Showerhead
FAUCET |Low Flow Faucet
HWWRAP | Water Tank Wrap
HPRSHW | Heat Pump Water Heater, Residential
CWASHES | Clothes Washer, Energy Star
CWASHT3 | Clothes Washer, Tier 3
| WINDOW Window, Energy Star

HPTS8 High Performance T8 Lighting
TS5 T5 Lighting
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MHFIN

Metal Halide Fixture, Interior

MHFEX Metal Halide Fixture, Exterior
SODIUM | High Pressure Sodium Lighting

LECEXI LED Exit Sign

DELAMP | Delamping

OSWALL | Occupancy Sensor, Wall box

UNIA/C Unitary Air Conditioning system
EMOTOR | Efficient Motor

VFDRIVE | Variable Frequency Drive

FREEZER | Freezer

HPCIHW | Heat Pump Water Heater, Commercial

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421
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1. Executive Summary

Northeast Energy Efficiency partnerships’ (NEEP) Model Progressive Building Energy Code Policy delineates
comprehensive measures to maximize the energy savings potential of the building energy codes that govern new
building construction and major additions in the Northeast states.! The ultimate goal of these guidelines is to
support state adoption and implementation of policies that will lead the majority of new building construction by
2030 to be comprised of “net-zero energy” buildings.?

NEEP developed this white paper in response to expressed public policy needs for guidance in creating and/or
adopting building energy policies that will result, ultimately, in large-scale energy and carbon emissions savings in
the built environment across the region. If building energy codes in Northeast states were to require all new
buildings constructed by 2030 to be net-zero energy buildings, the region collectively would realize 663 trillion BTUs
annually in energy savings and a reduction of 35 million metric tons annually of carbon emissions. These savings
correspond to (for the Northeast region) approximately 7.5 percent of current energy use of residential and
commercial buildings and 12 percent of current carbon dioxide emissions emitted by electricity generating power

plants.

This white paper highlights each element of the policy and includes suggested enabling statutory language,
explanations of the specific policies, the manner in which the policy relates to other energy efficiency policies such
as appliance standards and ratepayer-funded (or “systems benefit charge,” i.e. SBC) energy efficiency programs,
and references to industry and policy best practices. This paper also includes state-level estimates of the energy
and carbon savings potential of progressively more stringent building energy codes that reduce building energy
consumption.

NEEP’s Model Progressive Building Energy Codes Policy includes three areas of concentration:

Code Adoption

The Policy addresses the need to regularly update state building energy codes to reflect the most recent editions of
national model building energy codes - specifically, the international Energy Conservation Code (IECC) - and
recommends that states participate actively in national model energy code update processes to advance energy
efficiency. It also recommends that the state “Authority Having Jurisdiction” 3(AHJ) include as part of their building
energy codes an “Informative Appendix” that constitutes “apove code” or “beyond code” building standards, such
as the New Buildings Institute Core performance Guide and ENERGY STAR for Homes.® The Informative Appendix

1 Northeast states include: Connecticut, Delaware, District of Columbia, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New
York, Pennsylvania, Rhode Island, and Vermont.

2 A net-zero energy buildings as a residential or commercial building with greatly reduced energy use through energy efficiency gains such that
the balance of energy needs can be supplied with renewable technologies. There is, however, no ultimate consensus definition of net-zero
energy buildings. in fact, there are many definitions of net-zero energy buildings. The above definition is taken from a paper submitted to the
2006 American Council for an Energy Efficient Economy Summer Study. Zero-energy buildings: A critical look at the definition. Torcellini et al.
http://www.nrel.gov/ docs/fy06osti/39833.pdf

3 Authority Having Jurisdiction: The state, county or municipal government charged with adoption, administration or enforcement of a regulation
or code.
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provides a guide to building professionals seeking to build more energy efficient buildings, as well as to states
seeking to implement policies that promote the construction of more energy efficient buildings.

Code Compliance

* Better training and certification of code officials, building professionals and building operations and maintenance
staff through the state building energy code administrator;

* Increase local and state capacities and expertise to enforce code through the use of certified independent energy
code inspectors;

* Maintaining adequate funding so that code agencies can administrate, train local officials, provide technical
support and finally enforce the code; and

e Tracking and reporting energy code compliance to inform progress.

* Strategic coordination with energy efficiency program administrators to train the building design community in
best practices to meet and exceed minimum energy code requirements,

Measuring and Reporting Energy Performance

Lastly, the Policy highlights the need to establish requirements to measure and rate the energy performance of
dwellings and commercial buildings (both new and existing). The goals of measuring building performance including
establishing a market value for existing energy efficient homes and buildings, allowing policymakers to assess the
impact of energy code policies to generate energy savings and ultimately improving the energy performance of both
new and existing buildings. Specific measurement recommendations include the use of benchmarking and time-of
sale disclosure.

Northeast Energy Efficiency Partnerships 5 Militia Drive Lexington, MA 02421 P: 781.860.9177 www.neep.org
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Maximizing Building Energy Performance Through Codes

Adopt Stringent o s
Building Energy o
Code
- Adeption of Latest = = = Nt T e
" Adoption of w
|nformative
 Appendix
Achieve Full
Compliance with
Code
‘Benchmarking . »n.m et | “Training and - '
Time of Sale o  Certification
Disclosure . , Requirements
Adequate Funding

Commisstoning

An effective codes policy recognizes the interdependence of policy, enforcement and measurement. Lack of
compliance with the energy code undermines the potential energy savings of a code. Measurement of building
performance helps determine the actual amount of energy savings in compliant (or non-compliant) buildings. Results
of the measurement of building performance gives policymakers and code officials the information needed to

determine the next steps in code adoption.

In summary, the authority having jurisdiction (AHJ) over building energy codes should act on the following key
elements of NEEP’s recommendations for the Model Progressive Building Energy Codes Policy:
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Summary of Policy Recommendations

Energy Code Adoption

* The AHJ should adopt the latest edition of the national model code every three years.

¢ The state should participate in national model energy code update processes to advance
energy efficiency.

» State amendments to the national model energy code should maintain or enhance the
stringency or energy savings of the code.

¢ The AHJ should adopt an Informative Appendix for both residential and commercial
buildings that is at least 20 percent more energy efficient than the base state code.

* The AHJ should maintain a Technical Advisory Committee to inform updates to the energy
code and the Informative Appendix.

Energy Code Compliance

* The AHJ should train and certify all energy code inspectors,

e The AHJ should incorporate a third party inspection system such as the Specialized Plan
Examiner/Inspection System originally instituted in Washington State and/or a system based
on the Home Energy Rating System Index (HERS).

* The AHJ should institute a fee for service structure that sets aside dedicated funding for
plan review and inspections of energy code.

¢ The AHJ should adopt commissioning requirements as part of the building energy code.

The commissioning requirements should cover work prior to and after the achievement of a
certificate of occupancy.

* Commissioning should include all building systems including HVAC, lighting,

Measuring Building Energy Performance

* The AHJ should require the measurement and disclosure of residential dwelling and
commercial building energy performance prior to sale of existing and new buildings.

¢ The AHJ should require the labeling of all buildings with information on energy
performance.

¢ The AHJ should require improvements in energy performance at the time of sale.

¢ The AHJ should require the energy performance benchmarking of all commercial buildings.

e For benchmarking, the state should require the use of the EPA Portfolio Manager or
equivalent.
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2. Introduction

A. Goals of NEEP Progressive Building Energy Codes Policy

The goal of the Policy is to dramatically improve the energy efficiency of both new and existing buildings.
Ultimately, for new construction the goal is to make net-zero energy buildings the standard of construction.
Buildings consume 40 percent of the energy and 70 percent of the electricity in the U.S. Unlike automobiles,
appliances or other energy consuming devices, buildings, by their very nature, are meant to last, meaning that a
building built today will have an impact on our energy use for 50 to 100 years or more. Therefore, any effective
energy policy must address building energy use. Adopting and effectively implementing energy efficient statewide
building energy codes represents one of the most cost-effective ways of reducing building energy consumption in
new construction and substantial building renovation, including building additions. To realize the goal of net-zero
energy buildings, states must adopt progressively stronger building energy codes. These progressively more
stringent codes will lead to continual improvements in building practices such that by 2030, net-zero energy
buildings should comprise the majority of new construction. The American Society of Heating, Refrigeration
and Air Conditioning Engineers (ASHRAE) has set goals for the increasing stringency of the 90.1 building
standard with the intent of reaching net zero energy standards by 2031.°

The following graph shows the building energy performance goals set for the ASHRAE 90.1 standard en route to
the goal of net-zero energy buildings as approved by the ASHRAE Board of Directors. ASHRAE 90.1 is one of the
two recognized national model codes.

4 United States Environmental Protection Agency; Buildings and the Environment, A Statistical Summary; December 20, 2004
5 NEEP staff chart based on information derived from ASHRAE. Please see www.ashrae.org/
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Building Energy Performance Goals For ASHRAE 90, 1 Standard
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B. How Building Energy Codes Reduce Energy Consumption in Buildings

Building energy codes set a floor for energy efficiency in new construction by establishing minimum energy
efficiency requirements for al| new and renovated homes and buildings. These efficiency requirements affect the
design, materials, and equipment installed in dwellings and buildings which reduce the energy inputs needed to

Improving the energy code generates energy savings in a consistent and long lasting manner. As noted above,
buildings last a long time and an energy efficient building has the Potential to save energy throughout that span.
However improvements to state energy codes have typically been slow to occur. Progressive changes to national
model energy codes require significant research to identify, test and incorporate new building methods and
technologies. Moreover, some states have been reluctant to adopt those model codes with regularity, some
preferring to instead use their own state-specific codes which, though often based on model codes, can take
significant amounts of time to vet and adapt.

from designers to builders, as well as code officials, on both the state and local levels. Finally, measuring building
€nergy use requires the continual development of effective tools and methodologies to accurately gauge the energy
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footprint of a building. All of this takes time. Under current policies in Northeast states, building energy
performance is upgraded only when renovations or replacements occur. Asa result, an inefficient building built
today will typically remain inefficient for decades. Therefore, states must act decisively to regularly improve energy
efficiency in the building code.

potential Energy and Environmental Savings

Adopting and implementing strong building energy codes - as well as providing informed guidance on the
construction and renovation of beyond-code, high performance buildings - provides an effective means of tackling
the twin goals of reducing energy use in the region and lowering emissions of greenhouse gases.

Under a progressive building energy codes policy energy savings and reduced carbon dioxide emissions for the
Northeast add up rapidly. If Northeast states adopt residential building energy codes that are 30 percent above the
current national model energy code by 2011 and achieve full compliance, energy savings would rise every year so
that by 2019 the Northeast would realize savings of 63 trillion BTUs per year. Similar action regarding commercial
energy codes would total savings of 104 trillion BTUs. If Northeast states adopt codes requiring net-zero energy
buildings by 2030, by 2050 energy use in the region would drop by 594 trillion BTUs per year in residential buildings
and 1.25 quadrillion BTUs (quads) annually from commercial buildings.®

The lower energy use of a progressive building energy code policy can have a substantial impact on carbon dioxide
emissions as measured against similar benchmarks. By 2019, annual carbon dioxide emissions could drop by 8 million
metric tons in the Northeast. Annual CO, savings could increase to 32 million metric tons by 2029 as a result of
implementing building energy codes that increase energy efficiency by 70 percent over current national model
codes in 2020. Finally, by 2050, building energy codes mandating net-zero energy buildings will result in carbon
dioxide emission savings of almost 99 million metric tons per year. This is equivalent to removing more than 16
millions cars from the road.” For more details see Appendix A.

The following graph demonstrates how building energy codes can help meet regional environmental goals. If all
states in the region adopt and achieve full compliance with energy efficient codes, the carbon dioxide savings (as
shown in Appendix A), by 2018 will generate one-third of the required carbon dioxide emission reductions specified
in the Regional Greenhouse Gas Initiative.

¢ The amount of energy savings accumulates rapidly because once a building gets built efficiently, it lasts for decades. Thus, a home buitt
efficiently in 2015 will still be part of the total energy savings in 2035, for example.

7 According to the United States Environmental Protection Agency: http:/ /www.epa.gov/climatechange/ emissions/ind_calculator.html
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How Improving Building Energy Codes by 30% affect Northeast

Carbon Dioxide Reduction Goals
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Fully enforcing codes that 80 30% above the current national model code would make a large contribution towards
meeting regional Northeast carbon dioxide reduction goals developed through the Regional Greenhouse Gas
Initiative (RGGI). RGGI aims to reduce carbon dioxide emissions by 10 percent between 2015 and 20188,

D. Need for Comprehensive Approach to Building Energy Codes

the code results from a combination of building practices, such as the use of commissioning, along with properly
trained building inspectors and maintenance staff. In order to know whether compliance goals are being achieved,
robust methodologies designed to measure building performance must be implemented. Finally, because building
energy codes address only new construction or substantial renovations, a comprehensive policy must also address

¥ See http:/ /www.rggi .org/docs/RGG I_Executive_Summary. pdf
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E. Integrating Building Energy Codes with Other Energy Efficiency and Environmental Policies

The various public policies that currently govern energy efficiency in Northeast states, such as building codes,
appliance standards and ratepayer-funded energy efficiency programs, are interconnected, and good policy design
will facilitate the ability for all to work together to maximize savings potential. Appliance efficiency standards are
often included as part of building energy codes in ways such as heating and cooling equipment. State code agency
staff should know the statutory requirements for HVAC and lighting efficiency standards both at the federal level
and in their own state. The state staff should make sure that code requirements do not diverge from minimum
appliance efficiency standards to prevent confusion among building inspectors as to the actual required equipment
efficiency. If states want to exceed statutory requirements for appliances, understanding these requirements can

guide state code agency staff in designing the more stringent code requirements.

Energy efficiency programs exist to motivate developers and building owners to construct energy efficient buildings
that exceed the state building energy code requirements and in the process help building professionals acquire the
skills necessary to reduce energy consumption in building operations. This, in turn, allows for consistent
improvements with respect to the ability of building professionals to adapt to updated and enhanced building
energy codes.

A benefit of coordinating statutory (codes) and voluntary (efficiency programs) efforts is the increased recognition
by regulators that as energy codes increase in stringency, baselines above which efficiency programs work must also
rise. Program administrators and regulators should carefully analyze voluntary programs before the adoption of new
codes so that program designs promotes technologies and products that are significantly more efficient than the
new code. These actions maintain an appropriate distance between the efforts to “raise the ceiling” on building
technologies and practices (programs) and efforts to “set a floor” on the minimum required energy savings
generated by the building energy codes. These discussions and analyses must explicitly recognize that efficiency
programs themselves generate zero savings from their ratepayer funding for code training and compliance under

current regulatory constructs, a dynamic that itself may merit change.

Building energy code agencies and other stakeholders (building code and energy efficiency advocacy organizations;
organizations of building professionals; and others) should work with energy efficiency program administrators,
promoting the exchange of information to ensure that the program administrators are aware of energy code changes
that may affect program designs, and inform appropriate code updates. In addition, opportunities will exist for state
building code administrators to collaborate with the energy efficiency program administrators on training and
certification programs, particularly because the program administrators already have established relationships with
many building professionals.

Attention to the efforts at integration should extend to other energy efficiency related efforts. For example, a
progressive energy code policy would be an integral part of the development of high performance building protocols
and specifications for buildings such as schools or hospitals. The protocols and/or specifications would undoubtedly
incorporate strong building energy codes as a minimum baseline for energy performance and mandate engagement
of and participation in the related energy efficiency programs
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Finally, states should endeavor to integrate building energy codes into environmental policy efforts such as climate
change. Already, strengthening building energy codes comprise key parts of climate change action plans in states
such as Rhode Island, Connecticut and Maine.

A building code policy properly integrated with energy efficiency programs should result in:

1. The building energy code as a clear and consistent statewide “construction baseline” to assess the costs and
savings of residential, commercial and industrial energy efficiency programs the promote advanced efficiency in
homes and buildings

2, The “advanced code” informative appendix as the technical basis for ratepayer-funded energy efficiency
programs that promote advanced efficiency in new construction, renovation and remodeling. (See Section A2)

3. Efficiency program administrators’ active support for and participation in energy code update processes at
the state and national levels, and energy code training and technical support.
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3. Policy Recommendations

A comprehensive and effective building energy code policy requires the adoption of stringent code requirements,
institution of effective means of enforcing the code requirements, and on-going measurement and documentation of
building energy use to guide policy development and implementation to truly result in lower energy consumption.
The following sections detail the elements of a Model Progressive Building Energy Code Policy. To illustrate the
integrated nature of the various elements of such a Policy, the table below shows how stakeholders interact with
the different policies.

Involvement of Various Stakeholders in Progressive Building Energy Codes

Building Energy
Measurement
Energy - ‘| e Include Building
Efficiency - = Benchmarking as
Program =~ . Program Element
Adm1mstrators and Technical Support - :
g Fund Energy Code
raining and Technica
upport.. - - G
. ‘Ass,isrt Training of Local | e Provide information
o BT ‘Co‘dg‘q‘fﬁ‘ciélg ) needed for building
o Bfulldlng o '« Develop capacities to energy benchmarking
ro essionals  meet and exceed and to assess energy
~ minimum energy code code compliance
‘s Identify energy code
implementation issues
o  and certify energy | o Maintain up to date
; _‘code inspectors (state, - building energy
Statf‘;.COde; : . local, third party) - performance
Offices o Maintain statewide | benchmark
- energy code training for | Establish electronic
;/."rggglgtgg ‘Ac’_‘omm‘uyni'gy data systems to
_ e Maintain technical - monitor code
- support tools and ~ compliance
. services o Assess energy code

% The definition of “Building Professionals” includes architects, engineers, contractors and building operators.
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Building Energy
Measurement

~_compliance rates and
issues

.| ® Inform building
energy benchmarking
policies and
coordinate with
overall state energy
.| policies

< | * Include energy
| benchmarking as
element of efficiency
|~ programs

* Train and certify
building energy raters

State Energy/
Public Utility -
~ Commissions

~e Encourage and

‘ o inform Time of Sale
__Energy

; Building Energy
Efficiency Rating and
Advocates Performance Policies

: ¢ Encourage and
T inform Time of Sale
Other. State Building Energy
Offlces, . Rating and
R Performance Policies
(e.8.,
Consumer
Protection)

For each proposed policy, the white Paper includes: (1) policy recommendations; (2) explanation of the policy; (3)
opportunities for integration with other energy efficiency policies; (4) examples of government and industry best
practices; and (5) and suggested statutory language.

A. Code Adoption

1. Regularly Update the State Building Energy Code
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Policy Recommendations:

a. Adopt latest national model energy code every three years.

b. The state should participate in national model energy code update processes to advance energy
efficiency.

c. Restrict state amendments to national model energy code to increase overall energy savings
(e.g., to increase stringency, improve compliance, etc.)

d. Maintain a Technical Advisory Committee to inform updates to the energy code and the
Informative Appendix.

Policy explanation: Regular updates to the state building energy code align a state code with the latest
developments in building technologies and practices. However, the process for updating a state-specific building
energy code requires a significant amount of time and effort involving research and analysis, as well as coordination
with other elements of state building codes, such as the mechanical and electrical codes. This often results in an
extended process that leaves the energy code out of date, unnecessarily complex and out of step with codes from
nearby states (particularly important in areas where building professionals work in multiple states). In addition,
state code offices or other authorities having jurisdiction are often forced to complete the updates with limited
resources and staff. A better process for updating state building energy codes is to automatically reference the
latest edition of the national model codes as a statutory requirement, and to pursue cooperative participation in the
national code change cycles with like-minded jurisdictions to influence the efficiency requirements of the model
energy code.

NEEP recommends that states seek to automatically adopt the latest version of the IECC as an integral part of a
comprehensive codes adoption process, such as is the case in Massachusetts, Pennsylvania, Maine, Maryland and
Vermont. The IECC is the nationally recognized model energy code, developed by the International Code Council
(ICC) through a rigorous amendment adoption process that ensures all changes are subject to open public comment
and debate.'® The ICC amendment process guarantees a formal process to propose amendments for committee
review and recommendation, and a final vote by code officials and other state representatives from across the U.S.
Furthermore, the IECC and International Existing Building Code (IEBC) integrate and work in concert with the other
ICC codes, such as existing building and mechanical codes, to ensure seamless implementation and the elimination
of conflicts among the various codes. The ICC process brings out the best proposals that stand the tests of
consistency, energy cost reduction, energy use reduction, and reduction of greenhouse gas emissions. in the end,
automatic adoption of the IECC allows the AHJ to allocate its resources to concentrate on other important functions
such as improved compliance. Consistency in state energy code policies to automatically adopt the latest version of
the IECC can reduce the burden for building professionals to stay abreast of and comply with state energy code
requirements...

The ICC code updates occur on a three-year schedule, with two cycles of hearings between its three-year
publication intervals. This cycle benefits states by providing for regular and aggressive improvements to energy

10 For the same reasons, NEEP also recommends that states automatically adopt the complementary international Existing Building Code (IEBC).
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efficiency while also allowing time for states to incorporate new technological advances into practice and to update
energy code training and enforcement Mmaterials.

The ICC incorporates amendments based on a process that depends on the participation of state code officials.
State collaboration with regional and national efforts to increase the IECC energy efficiency requirements can
leverage resources and build momentum to positively affect each new edition of the code.

Best Practices: For regular, periodic state energy code updates, NEEP recommends that:

s First, the AHJ be required to adopt the latest version of the national model code. Care should be taken
not to introduce vague language. !

states should link all prescriptive requirements to the [ECC either by simply adopting the IECC or through
amendments to the IRC. Alternatively, a state could simply delete the energy chapter of the IRC (Chapter
11) simultaneous with its adoption of the latest IECC. Because of the slightly different requirements,
adopting both energy codes will inevitably lead to confusion. 2

sources of conflict with other codes or technical standards (e.g., appliance standards) as well as address the
technical feasibility or cost-effectiveness of individual requirements.

" This could possibly have been the case in Vermont. See Act Number 0092 Section 8 V.S.A 21 and Section 9 V.5.A 21, 2007 Legislative Session)
2 In Maine, for example, a new building codes statute enacted in 2008 mandates adoption of both the IRC and IECC, leaving it to the newly-

IECC and the IRC and also provides an additional alternative to complying with the IRC energy provisions. Such situations are unnecessarily
complicated and may reduce energy savings if the less energy efficient code is enforced.
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Code Update Policy: Best Practices Examples

Summary: The “Green Commuhi,‘ti‘esy Act” of 2008 cbn'taiyns language that will tie'the' state energy'b” ,
conservation code to the IECC, and includes “anti-backsliding” language in that it requires any changes to
the IECC to increase energy efficiency. The state code update must occur after each model code update.

Suggested statutory language: The Authority Having Jurisdiction (AHJ) shall adopt, at least every three years, the
latest edition of the International Energy Conservation Code (IECC), published by the International Code Council,
together with any other more stringent energy efficiency provisions that the {AHJ} concludes are warranted. No
amendments to the energy conservation code or the existing building code shall be adopted that will result in a net

increase in energy consumption in buildings.

2. Include an Informative Appendix to the State Energy Code

Policy Recommendations

a. States should adopt an Informative Appendix for both residential and commercial buildings that is
at least 20 percent more energy efficient than the base state code.

Policy Explanation: In recent years, municipalities have shown increased interest in building energy codes that are
more energy efficient than the national model codes or adopted state energy codes. Alternatively referred to as
“stretch code,” “beyond code,” or “above code,” these advanced building energy standards have been included as
policies in several municipalities and states in the region. Unfortunately, there has been no coordination in this
effort and it has resulted in spawning a plethora of above code standards with differing baselines and measurements
for achieving energy improvements. Although well-intentioned, these various policies have generated significant
confusion in the marketplace, particularly in regard to defining the “above code” standard. Moreover, many new
state laws include requirements for certain categories of buildings to be a certain percentage more efficient than
the state energy code, a vague standard that is difficult to implement. An AHJ can address this confusion and
provide guidance by adopting an “Informative Appendix,” or a section of the code that contains a listing of codes
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and building standards that have been determined by the AHJ to be acceptable as more energy efficient codes. An
Informative Appendix:

* Informs architects, engineers and other building and design professionals who are looking to build energy
efficient buildings with an appropriate reference.

¢ Establishes criteria for ratepayer funded energy efficiency new construction programs.

* Establishes criteria for state policies to incentivize high performance buildings, such as tax credits or utility
demand-side management rebates.

* Points the way for changes to future energy conservation codes.

Municipalities: For municipalities that wish to adopt building energy codes more stringent than the model national
code, the Informative Appendix provides a consistent set of requirements. This ensures that the municipalities
actually adopt a more stringent, enforceable code. The Informative Appendix will limit the number (and inevitable
confusion and difficulty to building professionals) of multiple “stretch” codes within a state. In some states,
legislation may be needed to allow municipalities to adopt energy code requirements other than the state minimum
code requirements.

construct dwellings and buildings with advanced energy efficiency features. Developing such market “know how”
supports the eventual adoption of strategies that result in net-zero energy buildings. Adoption of an informative
appendix makes a state building energy code dynamic and forward-looking, providing ever increasing energy savings

* Pointing the way toward broad marketability of net-zero energy residential and commercial buildings in
the private sector by 2020, and universal adoption of net-zero energy buildings for new construction by
2030;

* Establishes criteria for local or state programs or policies that require state or municipal-funded
construction to exceed minimum energy code requirements.

* Specifying an interim standard for state-owned construction that is significantly more stringent than the
current Mass LEED Plus benchmark; and
* Developing specifications for the first state-owned net-zero energy building by January 1, 2010.8

 More information on the Massachusetts Net Zero Energy Building Task Force can be found at www.mazneb.org.

Northeast Energy Efficiency Partnerships 5 Militia Drive Lexington, MA 02421 P: 781.860.9177 www.neep.org



NEEP BUILDING ENERGY CODES POLICY 3/01/09 PAGE 20 OF 50

Components of a Net-zero Home

Increased ceiling and wall insulation

Photovoltaic {Pv) solar-electric

Radiant barrier
Engineered HVAC
% - Tight duct instaliation

High-performanceindows Tankless water heater

Low air infiltration rate on doors
Atl-fluorescent lighting

Integration with Energy Efficiency Programs: There are two ways that the Informative Appendix can interact with
energy efficiency programs. First, the Informative Appendix can be the technical basis for energy efficiency
programs in new construction. Otherwise, in places where a municipality wants to adopt a stretch code, the
Informative Appendix can serve as the basis for the code itself. It is important to stress, that for the second option,
the utility should retain the ability to provide financial incentives to buildings meeting the Informative Appendix
even though the Informative Appendix is the code.

Best Practices: Any code or standard included within an Informative Appendix must possess the following features.

e A building meeting this code or standard must exceed the energy efficiency of the current state building
energy code by a given policy-directed minimum, e.g. 30 percent.

e The code or standard must be written in code-enforceable language, and not, for example, as a building
energy rating model, i.e., LEED, Green Globes, etc.

« Building officials must be able to verify that the buildings meet the code or standard. (This may include
programs to train building inspectors on how to inspect for compliance. The specific code or standard should
include mechanisms for its enforcement such as it being tied, but not limited to, Home Energy Rating
System (HERS') that can provide documentation to the building official that the building meets the
requirements of the code or standard being used.)

o The AHJ must specify within its adopted code that a building complying with a code or standard listed in the
Informative Appendix would comply with the state energy code.

Among the advanced building guidelines that NEEP recommends for potential inclusion in an Informative Appendix
are:

4 5ee Glossary for definition.
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, : For single, duplex & multi-family homes
For Commercial Buildings . ; G R

Suggested Statutory Language: The AHJ shall, within one year from enactment of this section, develop specific
options defining how any proposed residential or commercial building can exceed the requirements of the adopted
energy conservation code by a minimum of twenty (20) percent. These options shall be set forth in such code as an
Informative Appendix thereto. Any building that complies with an option listed therein shall be deemed as
meeting the requirements of the energy conservation code.

B. Energy Code Compliance
1. Develop training and certification requirements for Building Energy Code Inspectors
Policy Recommendations:

a. The AHJ should incorporate a third party inspection system such as the Specialized Plan
Examiner/Inspector (SPE/I) System originally instituted in Washington State and/or a system based
on the RESNET Home Energy Rating System (HERS").

b. Train and certify all inspectors on building energy codes.

' The Core Performance Guide is currently a standard but has been translated into code-enforceable language. See: www.neep.org for more
information.

' It should be noted that Title 24 requirements are keyed to California specific climate zones. Prior to any other state or municipality adopting
Title 24, the appropriate climate zones should be specified.

" The full set of proposals from the EECC is found as proposal EC-154 in the latest round of technical amendments to the IECC. The 30%
improvement would not apply to jurisdictions that adopt the 2009 IECC as this code already partially incorporates the proposals in £C-154.

" Energy Star for Homes is roughly equivalent in stringency to the 2004 Supplement of the IECC (roughly a Home Energy Rating System score of
100). For it to function as an Informative Appendix, a jurisdiction should specify that the dwellings meet a HERS Index of no more than 70. Each
point decrease in the HERS Index roughly equals a 1 percent improvement in energy efficiency.

" See the Glossary for definition of HERS.
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c. Establish a program to measure code compliance and building energy performance.

d. Establish a training committee to oversee the development, promotion, and delivery of training
on building codes to state code officials

Policy Explanation: Having a strong energy code does not guarantee energy efficient buildings. Municipalities need
adequately trained and certified inspectors to ensure that buildings comply with the energy code. Mandating energy
code training, supplemented by updated procedures, would improve compliance and increase energy savings.

To understand the importance of compliance, the following chart, based on energy savings derived from analysis by
the Building Codes Assistance Project, shows how simply improving the level of compliance with the building energy
code markedly increases the energy savings.

Gain in Annual Energy Savings in the Northeast by 2020 Due to
Increasing Compliance with Residential Building Energy Codes
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Typically, energy codes compliance rates range from 40 to 60 percent, though compliance rates have gone as low as
16 percent in some jurisdictions®.

0 A 2008 report by Efficiency Maine documented a compliance rate of 16 percent with the building energy code. Report on LD 1655 Building
Energy Codes by the Maine Public Utilities Commission and MaineHousing.
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Many states do not specifically require energy code training for code inspectors, although it is often offered as a
part of their continuing education opportunities. Legislation should be crafted to specifically require the AHJ to
implement or develop an energy training and certification program for inspectors to assure technical comprehension
and increase code compliance. Certification of candidates who will perform commercial and residential plan
review/inspections is available through the International Code Council’s certification programs and testing. Or, if
states so chose, they could establish and fund similar education and certification programs providing a valuable
resource to their municipalities.

Integration with Programs: Program administrators could help fund and administer training and certification
programs if the related regulatory constructs are modified to exclude such costs from the standard cost-
effectiveness considerations and/or a methodology for attributing savings to the programs for code compliance
efforts are developed.

Best Practices: The AHJ should establish a training committee to oversee the development, promotion, and delivery
of training on building codes to state code officials, local inspectors, and the regulated community, such as
architects, engineers and other building professionals, construction trades and facilities directors. The training
committee should have the authority to approve and develop training materials and delivery options (which may
include a combination of face-to-face and online training), as well as consult with building officials’ education
committees to ensure support and compliance. The AHJ would be charged with the responsibility for administering
such programs.

The training committee should also develop an annual plan for building code training and technical support - what,
where, when, who, how - that leverages resources and knowledge. One available means is through certification of
commercial and residential plan review/inspections candidates conducted through the International Code Council’s
certification programs and testing. Training could also be accomplished through established training venues, such as
community colleges and professional associations. For example, the Boston Society of Architects conducts a series
of trainings throughout the state each time the Massachusetts Board of Building Regulations and Standards updates
the building codes. Such training could be funded through a number of resource frameworks, including tuition,
grants, and through a state’s ratepayer funded energy efficiency programs.

Energy code training classes or seminars should be developed, through a regulatory process, which would cover at a
minimum, the following topics:

* Energy Code and Residential Code plan review issues;
* Interpreting energy software program results;
* Integration of plan review results into inspection tasks;

http://74.125.47.132/search?q=cache:1 lerdcEqJqsJ:www.maine.gov/mpuc/staying_informed/legislative/ 2006legislation/BuildingEnergyCodesRpt
.doc+Efficiency+Maine+Report+on+Buildi ng+Energy+Codes+2008&hl=enfct=clnk&cd=3&gl=us
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 Inspection procedures based on integration of energy issues into individual site visits;
e Field inspection issues of envelope and systems components;
e Above-code optional programs and strategies; and
e Measurement tools and criteria (such as blower door and duct blaster testing).

A well-crafted code training program should include mentoring and inspection tools development for code officials
and building professionals. As part of the continuing certification of inspectors, energy conservation code modules

should be a specific requirement. Also, the state should seek to increase opportunities for training of the regulated
community and use state agencies and tools to market this training.

Finally, financial resources should be allocated directly to funding for energy code training, the activities of the
training committee, and for the resources to fully implement training programs. Proper training and certification
must have an adequate and secure source of funding; however, it does not have to be expensive.

Third Party Inspectors: The AHJ can establish a code training and certification program modeled after Washington
State’s SPE/| program. This program, run by a non-profit corporation formed by the state’s utilities, developed and
funded a training and certification program.?' The Washington Association of Building Officials maintained a list of
alt qualified inspectors and made the list available to any interested party, such as builders or municipal officials, in
order to provide municipalities or other interested parties a means to find the certified personnel. The program
included supporting materials such as a guidebook showing how municipalities and/or builders could use the services
of the inspector. Funding for such third-party inspectors could be realized from a portion of the building permit fee.
States may also consider allowing existing local building inspectors to “opt in” to such a system, whereby the
existing inspector could qualify as the specialized building energy code inspector, provided he/she secured the
appropriate levels of training and was certified as such. In such a case, the fee for the specialized inspection would
revert to the municipality. See Section 2 below for a more detailed discussion of funding options.

A second type of third party inspection could involve the use of HERS raters. A robust training and certification
program already exists for the development of HERS raters. Consequently, a growing pool of qualified raters already
exists. Using HERS raters fits in well with the accelerating trend of states and municipalities adopting energy codes
tied to the federal ENERGY STAR program (or the use of the HERS Index directly as one way to meet code), which
employs HERS raters to assure compliance. Among the strengths that energy raters bring is detailed knowledge of
how to inspect for such items as duct leakage, which is an important part of the newly adopted 2009 edition of the
IECC, along with generalized knowledge of the energy code and above code energy standards. Care must be taken,
however, in the incorporation of energy raters (or SPE/1 inspectors) into the state and local code inspection system,
particularly where the possibility exists for conflicts with existing state taws when private contractors are
introduced into a public function.

Establishing Baseline Studies: Finally, to ensure that code inspectors, whether municipal or third party, correctly
assess code compliance in buildings, the AHJ should develop a comprehensive program designed to verify
compliance of both residential dwellings and commercial buildings. Knowing the actual numbers of compliant
buildings as well as the specific requirements that builders do and do not comply with will help state agencies

1 Although the Washington State ran on utility funding with a utility based group designing the program, the structure laid out at the beginning
of the “Best Practices” section, using a state agency to design the training and certification can also work.
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continually modify and improve their training programs. This work should consist of a baseline study to determine
the current level of compliance, identification of specific areas where compliance is weak and recommendations on
how to address these weaknesses. An example of such a study was done for the Massachusetts Board of Building
Regulations and Standards in 2000.% Importantly, all initial baseline compliance studies should have frequent
follow-up studies to gauge the effectiveness of implemented policies.

The New York State Energy Research and Development Authority (NYSERDA) plans to conduct a baseline study as
part of its energy portfolio standard.? This study aims to identify areas of low compliance, the reasons for the low
compliance and use this information in the agency’s effort to train code officials. It also calls for follow up studies.

Compliance Policy: Best Practices Examples

State o ~ statute

Massachusetts ‘Section 94 of Chapter 143; item (p)

~ http://www.mass.gov/legis/laws/mal/ 143-94.htm’

Summary: This legislation requires the state’s Board of Building Regulations and Standards (BBRS) to work
collaboratively with the Department of Energy Resources to adopt regulations for the training and
certification of energy code inspectors. It also mandates that all new construction and major renovations pass
inspections by certified energy code inspectors. The statute allows for the establishment of third party
inspectors,

Maine e L LD 2179 30A MRSA Section 4451

http: / /www.bcap-eneray.ora/ files/ME%ZOLDZj 79,pdf'

Summary: Maine’s code training mandate incorporates the need for the Maine Community College System, the
Department of Environmental Protection, the Department of Health and Human Services, state energy
efficiency programs, and the office to all work collaboratively to establish the continuing education program.
The mandate also requires that the program provide basic and advanced training in the technical and legal
aspects of code enforcement necessary for certification. The legislation explicitly allows for the use of third

2 Impact Analysis of the Massachusetts 1998 Residential Code Revisions, Prepared by XENERGY, Inc. May 14, 2001.
% See Best Practices Box Below for a link to the New York State proposal.

Northeast Energy Efficiency Partnerships 5 Militia Drive Lexington, MA 02421 P:781.860.9177  www.neep.org



NEEP BUILDING ENERGY CODES POLICY 3/01/09 PAGE 26 OF 50

party inspectors.

Summary: Section 4 contains a description of the plans for the training program called, Development and
Delivery of Advanced Training, Tools, Strategies, and Resources. This section gives a detailed description of
the program designed to develop training courses and find training service providers. The purpose is to
provide exhaustive training to building professionals including code inspectors, architects and homebuilders.
The section also gives a detailed discussion of how the agency plans to implement its baseline study.

SPE/ I Pr;,ogram,:,»The\\{{a‘shmgt‘ohSg;jt;f e ergyf‘flbdéuf Céftificatidh‘%ffi;k Inspectors and .-
S Plan Reviewers for the Non-Re: dential Energy Code. January 1997 '

Summary: This report gives a broad overview of the third party inspection program developed and
implemented by Washington State, including descriptions of successful and unsuccessful aspects of the
program. It also includes important recommendations helpful to any other jurisdiction contemplating the
adoption of a similar program.

Suggested Statutory Language: The AHJ, in consultation with [relevant state agency(s)] shall develop
requirements and promulgate regulations for the training and certification of building code enforcement officials
that incorporate the energy provisions of the state building code. The AHJ shall also require that all construction,
reconstruction, alteration or repair*® of all buildings be approved by inspectors certified in the state building code
energy provisions.

24 During the rulemaking process, the implementing agency will have to set (if it has not already done so) specific rules on what constitutes a
major alteration or repair.
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Policy Explanation: Requiring inspections without supplying adequate funding for these inspections raises the issue
of unfunded local mandates. Municipalities should not have to shoulder alone the financial burden of achieving
better building energy code compliance. Instead, a user “fee for services” should be established and collected as a
portion of building permit fees immunizing this function from budget shortfalls and allowing trained and certified
energy code inspectors to supplement the work of local building inspectors. This fee could accomplish two

2, Provide Adequate and Stable Long Term Funding for Code Agencies

Policy Recommendations:

a. The AHJ should institute a fee for service structure that sets aside dedicated funding for plan

review and inspections of energy code.

b. Permit applicants should contract directly with special energy code inspectors.

c. A stable source of funding for training and certification, technical support for the regulated
community for code adoption, for code development including the Informative Appendix and for

compliance reviews should be established.

important functions.

1.

The fund generated by these fees are separate from state general funds and impose no burden on municipal
governments. The fund would, nevertheless, be under the control of the municipal building department or the
relevant local authority. Alternatively, responsibilities for plan check reviews and inspections should lie on special

buildings during and after construction.

the regulated community.

inspectors hired by the permit holder.

’ How Connecticut Funkdséits Tra’ihing Vand_Certification Inkfrastructtife

In Connécticut, a surcharge of $0.16 per $1 ;OOO value df"béfmit WOrk raisésxﬂ\over $1 million per
year for education programs. It supports training staff at the state level, outside instructors,
training materials and aids, and venues where training is conducted. Such an

education/certification program should embrace all code officials, building and fire, as well as
other licensed and non-licensed professionals and trades on the basis of what their statutory
needs are for continuing education. Those members of the building community required to
attend to maintain licensure or certification are guaranteed space. These sessions can be held
at local community centers. One caveat to this approach is that the fee typically applies to all
aspects of building code work. Since energy code training is typically a lower priority, it is
likely that only a small portion of this fee will be dedicated to energy codes.

Best

Practice: Funding for plan check reviews and inspections could come directly from building permit fees.
However, the jurisdiction should make sure to dedicate a certain percentage of the building fee to the energy code
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to make sure it is not overlooked. On the other hand, the AHJ could simply direct the developer/owner to contract
directly for the energy code plan check and inspection. This approach is appealing because it makes it more likely
for the energy aspects of the project to receive attention. (See SPE/I model below) Whichever funding model is
used, it should also be flexible enough to allow for instances where small, rural communities need to pool resources
to allow for qualified energy code inspectors to be hired on a shared basis, with compliance responsibilities based
on a population formula.

Special Plan Examiner/Inspector Program

The Washington State SPE/I program provides an alternative funding strategy. Once the special inspectors were
trained and certified, Washington State allowed for the permit holder (or their representative) to contract directly
with the special inspector to perform the proper reviews. Section 1704 of the International Building Code provides
the requisite language for enabling this function. At the end of the process, the special inspector must provide a
report(s) to the building official in charge and the ultimate approval will remain with the building official.

Funding for the training and certification functions of the SPE/I program described in Section B1 was provided by
the utilities in Washington. Ultimately, this funding model proved unsustainable, as once the utilities ended their
funding, the program ceased to exist. Therefore, while using utility funding to start up such a program may make
sense, there should a guarantee that funding will continue if (or when) utilities stop funding the program. The
amount of funding needed should drop as the template for the training and certification program is established. It
should be noted that the funding required for the SPE/I training and certification program was relatively minor,
roughly $5 million over the three-year life of the program.

Funding for Informative Appendix

Beyond the typical work in code development, an important and non-traditional use for the building fees would be
to help in the development of the Informative Appendix. Development of the Informative Appendix on a regular
basis would help ensure that the state provides the necessary support to stakeholders looking to build dwellings and
buildings that are more stringent than code. To the extent, that utilities or program administrators use the
Informative Appendix as the basis for the new construction programs,

Inspector Funding Policy: Best Practices Examples

‘ Chapter 541 part 1A section 29-522a
Connecticut‘ http://www.cga.ct.gov/2007/pub/Chap541.htm#Sec29-252a.htm

Summary: See Description Box, Page 25.
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New York

A Strategy for"Ehhanced Energy Codes ahd Appliance Standards in New
S York

- Prepared by |
The New York Energy Research and Development Authority
October 15, 2008

http://www.dps.state.ny.us/NYSERDA_Codes ‘and_Standards Strategy 15

.:October 2008 FINAL.pdf

Summary: This training program (described in the previous section) would be funded out of
program funds that come from the energy efficiency portfolio standard. Going through a program
administrator provides money but is subject to the continuation/renewal of funding.

Suggested Statutory Language: Local jurisdictions shall, in accordance with statute, incorporate into the building

permit fee a fee structure sufficient to provide for the dedicated plan check and inspection of the energy code.

The Commissioner of (XXX) shall adopt, in accordance with requirements of [statute] a schedule of fees to be

added to local permit fees, adequate to defray the direct and indirect costs for administration of a training and

certification program for code enforcement officials, design professionals, and building construction trades, to be

known as the Codes Enforcement Training Fund. Such fee schedule shall carry forward to each subsequent fiscal

vear. Should the fund balance of such Fund exceed {SXXXXX} at the end of any fiscal year, such excess funds shall

be deposited in the General Fund.

3. Require Commissioning for Commercial Buildings

Policy Recommendations

a. The AHJ should adopt commissioning requirements as part of the building energy code. The
commissioning requirements should cover work prior to and after the achievement of a certificate

of occupancy.

b. Commissioning should include all building systems including HVAC, lighting.
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Policy Explanation: Commissioning consists of a process that confirms, with extensive documentation, that building
systems are planned, designed, installed, tested, operated and maintained in accordance with design requirements
established at the beginning of a project.

As the technology required to construct highly efficient commercial and industrial buildings becomes more complex
(particularly with the increasing use of whole building strategies), the need to ensure that all building systems (such
as heating, cooling and lighting) function optimally becomes paramount. Requiring a fully integrated commissioning
process from the beginning of a project assures a building owner that the building will perform as designed and will
generate the designed level of energy efficiency.

The full scope of commissioning extends beyond the purview of the building codes. Many of the requirements affect
not only energy, but overall performance of equipment and systems. Thus, the scope of requirements covered by
the national model codes is incorporated within the mechanical code to address issues of systems design, load,
sizing, control, operation and maintenance. This is a clear illustration of how energy code adoption must be
comprehensive and coordinated to achieve the multiple objectives safety, health and welfare and energy efficiency.
Care must be taken when trying to incorporate commissioning requirements into code for another reason. With
respect to the code, the inspector’s work ends upon the issuance of the Certificate of Occupancy (CO). However,
proper commissioning requires the commissioning agent to review and inspect building systems after the building
goes into use to ensure that all systems are, in fact, functioning properly under real load conditions. This implies
that some sort of mechanism, whether a requirement or as part of a energy efficiency program, should be
incorporated. Code language must provide a requirement for commissioning work to continue after the building goes
into use. For example, the Washington State energy code requires that construction drawings require post
construction commissioning to be provided to the building owner and provides details as to what post construction
commissioning entails.

Integration with Programs: Commissioning is a part of ratepayer-funded commercial new construction programs in
New York and Massachusetts. The fact that commissioning is an integral requirement of state SBC programs as well
as for such programs as the Collaborative for High Performance Schools (CHPS) has meant that market actors in the
field of energy efficient construction have become more familiarized and comfortable with the use of
commissioning. This will facilitate the implementation of commissioning because best practices along with a
growing number of practitioners already exist. Consequently, it can be an efficient use of SBC program funds if
attribution of savings related to correction of deficiencies identified by program-funded mandatory commissioning is
resolved. However, care must be taken to avoid having commissioning lead to relaxed implementation of SBC
program requirements. It should not function as a backstop for poor construction. Instead, commissioning shoutd
function as a guiding framework, continual check and final confirmation on buildings systems.

Best Practices: Clearly, no “one size fits all” process exists for building commissioning. However, certain guidelines
should be used to help maximize the benefits of commissioning. Such guidelines should adhere to some common
and accepted principles in their technical application such as developing and implementing an appropriate testing
program or continuously documenting all commissioning activities. See, for example, a sampling of industry best
practices as developed by Portland Energy Conservation, Inc.:%

% For a more complete description, see guidance as developed by Portland Energy Conservation Inc. at
http://www.peci.org/CxTechnical/resources. htmi#construction
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Commissioning Policy: Best Practices Examples

State

. Statute

/prpsd stds/2007/2007 cgbsc 9-23

Summary: Provides detailed instructions on how to properly conduct the Title 24 acceptance
requirements.

State

Washington

Washmgton State Energy de
WAC-51-11-1416
- http:/ /a_pps leq wa.gov/WAC/default.aspx?cite=51-11-1416

Summary: Provides a complete set of code requirements for commissioning. Includes post-
construction commissioning requirements.

Suggested Statutory Language: The AHJ, in consultation with the [relevant state agency], shall develop

requirements and promulgate regulations, requiring a process to ensure that all new non-residential buildings and

any major reconstruction, alteration, or repair of all non-residential buildings perform as designed with respect to

energy consumption by undergoing building commissioning. Non-residential buildings less than 50,000 square feet

shall not be subject to such regulations. Initial operation and testing commissioning must be completed and

approved before issuance of a permanent certificate of occupancy. Such regulations shall utilize a nationally

accredited standard.

C. Measuring and Reporting Energy Baseline

1. Require the Disclosure of Home Energy Use at Time-of-Sale

Policy Recommendations:
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a. States should require the measurement and labeling of residential dwelling and commercial
building (both new and existing) energy performance prior to sale of the building.

b. States should require the labeling of all buildings with information on energy performance.

c. States should require improvements in energy performance at the time of sale.

Policy Explanation: Time of sale requirements address the reality that regulations governing new construction make
up only one opportunity for energy savings that can be realized from residential and commercial buildings. Energy
improvements to existing buildings can also generate significant savings as the number of existing buildings far
outnumbers new construction. Even modest improvements spread widely among existing buildings can generate
large energy savings. Unfortunately, building codes typically only address new construction or extensive renovation,
as the existing building stock is grandfathered through law. Thus, mandatory time of sale energy use ratings and
disclosures are a reasonable and effective way to address the energy use of existing homes and commercial
buildings. Requiring energy ratings for new construction and the disclosure of energy usage of existing buildings at
the time of sale creates market incentives for both builders and current owners to make energy saving
improvements in both new and existing dwellings and commercial buildings. Home energy ratings can also help
confirm compliance with energy code as well as help track compliance across a state or given jurisdiction.

The use of time of sale requirements can be used with respect to the sale of newly constructed homes and buildings
as well. In this case, time of sale policies would help ensure that the homes and buildings up for sale actually meet
code and perform as they have been designed.

Time of sale policies introduce information into the marketplace. This information, the actual energy use for a
home or building, helps the market place a value on energy efficiency. This can help buyers (or sellers) finance
efficiency improvements before or after properties are leased or sold (e.g., through energy efficiency mortgages for
example).

Integration with Programs: Programs can help implement time-of-sale requirements if the construct is developed
in such a way that savings can be attributed to the related building performance or retrofit energy efficiency
programs that are typically offered in Northeast states. Time-of-sale requirements can be related to programs such
as Home Performance with ENERGY STAR and commercial retrofit programs. For example, if the analysis goes
beyond simple disclosure of energy bills and requires identification of cost-effective efficiency opportunities via an
audit, program administrators can establish a program to help defray the cost of the audit (“test-in,” in Home
Performance with ENERGY STAR terms), incentivize the efficiency-related work undertaken and then fund follow-up
audits (“test out,” in Home Performance with ENERGY STAR terms) to ensure that any improvements actually result
in energy savings.

Best Practices: Through regulatory proceedings, typically through the state department of consumer affairs (or
equivalent) a state should establish guidelines for the building energy rating scoring, implementation, evaluation,
labeling as well as training of inspectors for time of sale disclosure. Any effective program would cover new and
existing residential dwellings and commercial buildings. In addition to the disclosure of the property’s energy bills,
an effective scoring guideline should include a home energy audit by a qualified energy rater and be based on an
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accepted home energy rating system such as HERS. Disclosure of energy conservation aspects of the property (such
as envelope insulation, window u-factor, and HVAC efficiency) should be included. Historical energy use, recent
energy upgrades and evaluation of proper installation should be mandated information for existing buildings. Tools
such as ENERGY STAR Yardstick? provide even more accurate detailing of energy use without going all the way to
energy audits.

While vital, the disclosure of utility information needs to be supptemented with a simple system of labeling the
dwelling or building so that both sellers and buyers have a simple reference (much like miles per gallon for cars)
upon which to compare buildings. The European Union currently has draft regulations in place that will require the
use of “Building Energy Ratings.” According to the regulations, each dwelling, whether newly constructed, sold or
rented out, will include an energy performance certificate (EPC) that will indicate its energy performance (See
example of certificate below). Unsurprisingly, this regulation is coupled with requirements to develop a
methodology to determine energy performance (such a disclosure of energy bills, HERS or ENERGY STAR Yardstick)
along with a requirement to perform an energy performance analysis?’.

To go beyond simple disclosure of energy bills and engage in home energy audits, a sufficient pool of trained and
licensed certifiers or building raters within the area will be needed. A number of professionals could potentially
serve in this role, but all would need proper training in order to accurately identify and relay the energy efficiency
of the property to the potential buyers. In conjunction with proper training, a system should be implemented for
registering the data so that all property energy efficiency disclosures are identical.

Finally, while an effective disclosure policy will lead to more efficient homes, its effect is necessarily limited,
unless it is also linked to additional policies. To generate truly significant savings a home energy rating disclosure
policy will probably have to be coupled to a requirement that existing buildings meet a minimum home energy
performance level. The city of Berkeley, California, for example, administers an ordinance that includes this
requirement. Importantly, the Berkeley ordinance does not require improvements designed to make the residence
meet code. Instead, it delineates a set of energy efficiency measures that must be installed, but also contains a cost
ceiling that limits the number of required measures.

The following figure gives an example of the Energy Performance Certificate used in the European Union. It provides
information on both the building energy use and its greenhouse gas emissions. The energy rating is done on a
graduated scale from A to F supplemented by color coding to simplify the ability to interpret the label.

" T find a link to Energy Star Yardstick, go to: http://www.energystar.gov/index.cfm?c=home_improvement.hm_improvement_index_tools
7 The European Union directive allows member states to develop their own methodologies.
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DEAP Version X.Y

Building Energy Rating (BEF

BER for the bulkling detalied below is: -

Hame of Housa,

Buliding Energy Rating (BER) is an Indication of
Stroot Name One, Stroet Name Two, & of this dweliing. it covers
Town name Ong, Town Name Two, - devargy me for space heating, water heating,
County name One, County name Two, i venthation caloulated on the basks of

standard cocupancy. it is exprossed as primary

BER Numbeor: OO0 enargy Uso per unit floor area per year (kWh/m3/yr).
Date of lssue: Day Month Yeor G e e
Valid Ungik Day Month Year 'A' rated properties are the most energy efficient
BER Assessor No.: 00 and will tend to have the lowest snergy bills.
Assessor Company No.:  X00XX e ‘
Building Energy Rating Cartron Dicide {COy)
KWhimityr Emigsions Indicator
MOST EFFICIENT kgC O /mityr

BE6T

0

The less CO, produced,
the less the dweling
contributes to global

LEAST EFFICIENT warming.

IMPORTANT: This BER i cakulated on the Lask of data provided to and by tha BER Asscssor, and ueing
ths verslon of the assasarment softewara quokad above. A future BER assigned to this dwading may e differant,
a% 2 st of changas to the deling of 10 e sssassment softaars.
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Disclosure of Home Energy Use at Time of Sale Policy: Best Practices Examples

State

B , Dlrectwe/ Legislation

Européén Union
RS 16 December

Artlcle 7

Dxrectlve 2002/91/EC of the European Parliament and of the Counal of
2002 on the e

gyp\ or ance of bmldmgs S
ns/dg; energe/energyefﬁaent/

i/attributio

http //www ec'wy Du

-~ info/direct

Ve 2n.pdf

Summary: This directive gives requirements on the use of Energy Performance Certificates
(EPC) as part of a labeling requirement. The EPCs are given to the buyer at the time of sale.

Nevad‘a' |

Chapter 509, 2007 Sesswn

http: //www. leg state nv us/74th/ B]lls/SBISB437 EN gd

Summary: This statute gives

requirements for disclosure. It, however, allows a transaction to

occur without being subject to disclosure if both the seller and buyer agree to waive the

requirements.
E Bill No. 31-07
Montgomery County, ' , ‘
Maryland : - http://www.montgomerycountymd. gov/content/council/pdf/bill/2008
/20080804_31-07.pdf

Summary: This ordinance, which goes into effect on January 1, 2009, requires the disclosure of
energy bill information over the preceding 12 months. The original legislative proposal actually
required a HERS rating, but that provision was dropped prior to enactment.

Berkley, California

Chapter 19.16

http://www.ci. berkeley.ca.us/ uploadedFiles/Clerk/Level 3 -
i BMC/BMC4Partf1'-T1-22--120808.pdf

incandescent light buibs, and
prior to completing the sale.

Summary: This ordinance requires the seller of a property to install certain energy
conservation measures such as (but not limited to) installing ceiling insulation, replacing

sealing ducts. The seller must receive a certificate of compliance
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Suggested Statutory Language: The [relevant state agency- one having jurisdiction over consumer protection], in
consulting with the [Authority Having Jurisdiction] shall develop requirements and adopt regulations for evaluating
and disclosing the energy consumption of residential dwellings and commercial buildings at the time of sale of such
dwellings and buildings.

The regulations must include, without limitation: (a) standards for evaluating the energy consumption of the
residential dwellings and commercial buildings, (b)

The seller of a property shall have the energy consumption evaluated per the program established by section xx
prior to the sale of the dwelling. The [relevant state agency- one having jurisdiction over consumer protection]
shall establish regulations for labeling or providing a readily accessible means of disclosure by the seller.

Subsection () does not apply to a sale or intended sale of residential property:
(a) Between any co-owners of the property, spouses or persons related within the third degree of consanguinity.

(b) By a person who takes temporary possession or control of or title to the property solely to facilitate the sale of
the property on behalf of a person who relocates to another county, state or country before title to the property is
transferred to a purchaser.

If an evaluation of a residential property was completed not more than 5 years before the seller and purchaser
entered into the agreement to purchase the residential property, the seller may serve the purchaser with that

evaluation.

2, Require Benchmarking for Commercial Buildings

Policy Recommendations:

a. State should require the energy performance benchmarking of all commercial buildings.

b. For benchmarking, the state should require the use of the EPA Portfolio Manager or equivalent.
Policy Explanation: Benchmarking consists of developing a record of the baseline energy use and rating of
commercial buildings in order to develop data for comparison between comparable building types and sizes.

Benchmarking can help guide the development of public policies that seek to maximize building energy efficiency,
as well as to evaluate the efficacy of these policies. To properly develop benchmarks states need to gather data
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from commercial building owners and establish an easily accessible database that contains the energy consumption
information.

An effective building energy codes policy requires the accurate accounting of building energy use to track the
potential savings from implementing energy efficient codes and other state policies. By having access to the data
provided by benchmarking, building owners, lenders and potential buyers can make informed decisions regarding
building energy use. For example, a building owner could use the information to lower energy use and make the
building more commercially attractive to buyers or tenants. A potential buyer, on the other hand, can use the
information to press for improvements in energy use on the part of the current building owner. Benchmarking should
also help policymakers achieve energy gains by tracking the progress of policies such as building energy codes.

It should be noted, however, that benchmarking can function as a building energy rating system such as the ones
described in the previous section. However, it can differ in that it compares building energy use to similar buildings
and therefore cannot tell how far atong a building is toward a specific building energy related goal such as net zero
energy status. When used effectively, benchmarking and building energy rating systems can complement each other
in moving toward a common goal of maximizing building energy efficiency.

Finally, benchmarking (much like home energy ratings) can help determine whether individual buildings comply with
the state code as well as help track compliance across the state.

Integration with Programs: SBC energy efficiency programs can use benchmarking as a way of establishing a
baseline from which to guide clients as to the most effective ways to reduce energy use. Some programs typically
use benchmarking as among the first actions when working with customers.

Best Practices: A benchmarking policy should aim for the most comprehensive and accurate energy use data
possible. The state of California, which mandates building energy benchmarking for non-residential buildings,
employs the Environmental Protection Agency’s Portfolio Manager (PM) as the basic database tool. The PM has the
ability to provide summary reports on the full universe of buildings as well as subsets to help track energy use. PM
does have limitations, however, as it is unable to cover the full universe of buildings.28

Any building benchmarking policy should include both publicly- and privately-owned commercial buildings. Publicly-
owned buildings (state and local) should be addressed first to allow officials to work out any unforeseen problems
that may potentially arise, such as difficulty in determining the extent of information required from a given
property.

Unlike other building related policies that involve utilities as discussed in this paper, benchmarking requires the
participation of both investor owned and municipal utilities. The participation of both is crucial to get complete
coverage of the building stock in the state.

3 portfolio manager only benchmarks those buildings that are included as part of Commercial Building Energy Consumption Survey (CBECS). The
types of buildings include: banks/financial institutions, courthouses, hospitals, hotels, K-12 schools, medical offices, offices, residence halls,
retail stores, supermarkets, warehouses, wastewater treatment plants.
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A benchmarking policy should feature a system for ensuring that all stakeholders, buyers, owners and lenders have
access to the gathered information; should offer easy identification of building types; and organize energy use data
by month. The responsible agency or organization must also work with utilities to create the appropriate disclosure
forms that will provide the necessary information and protect the confidentiality of customer information.

Just as with commissioning, benchmarking is a part of SBC
California and the District of Columbia. This means that b
many of the stakeholders already have ex
market expertise.

programs in some states as well as actual policy in
enchmarking is not a “new”, untested policy but that
perience implementing the policy and therefore, there is already a level of

Finally, state policy should seek to tie policies such as retro-commissioning
benchmarking, a building’s actual use can be compared to its predicted en
commissioning can help reduce discrepancies between a building’s predict
use.

% to benchmarking. By using
ergy use. Consequently, the use of retro-
ed energy use and its measured energy

Benchmarking Policy: Best Practices Examples

State Statute
o fon 25402.10 of the Public Resources Code.
California = : . (Enabling Language)
* - http://www.leginfo.ca.gov/cgi-bin/displaycode?section=prcé roug
S 26000Efile=2540025405.6 .

Summary: This statute requires electric and gas utilities, as defined, on and after January 1,
2009, to maintain records of the energy consumption data of all nonresidential buildings to
which they provide service. The statute would require, on and after January 1, 2010, that a
non-residential building owner or operator disclose ENERGY STAR Portfolio Manager
benchmarking data and ratings, for the most recent 12-month period, to a prospective buyer,
lessee, or lender.

fe ,/’C'lean and Affordable Energy Act of,2008 O
~ http://www.dccouncil.washington.dc.us/images/ 00001/ 20080804150618.p

Washington D.C. |

* Retro-commissioning refers to the practice of comm
particularly useful practice if evidence, such as from
Because retro-commissioning is done to an operation
are hindering energy performance.

Northeast Energy Efficiency Partnerships

issioning a building after it has been in operation for a certain period of time. It is a

benchmarking, indicates that the building is not meeting energy performance goals.
al building, the commissioning is much more likely to identify and correct the problems tha t
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Summary: The statute will first require the benchmarking, using the ENERGY STAR Portfolio
Manager tool, for all city buildings greater than 10,000 square feet. Starting in 2010 until 2013,
the city will require energy use information for all private buildings between 50,000 and
200,000 square feet to benchmark these buildings.

Massachusetts
Department of
‘Energy Res

Summary: The state energy agency has implemented a voluntary reporting system to help
cities and towns implement energy management initiatives. The reporting system provides a
means for cities and towns to benchmark their municipal buildings and therefore monitory and
verify the energy performance of their buildings.

Suggested Statutory Language: (a) On and after January 1, 20XX, electric and gas utilities shall maintain records
of the energy consumption data of all nonresidential buildings to which they provide service. This data shall be
maintained, in a format compatible for uploading to the United States Environmental Protection Agency's ENERGY

STAR Portfolio Manager or similar system, for at least the most recent 36 months.

(b) On and after January 1, 20XX, upon the written authorization or secure electronic authorization of a
nonresidential building owner or operator, an electric or gas utility shall upload all of the energy consumption data
for the account specified for a building to

The ENERGY STAR Portfolio Manager. The electric or gas utility shall maintain information in a manner that

preserves the confidentiality of the customer.

() In carrying out the requirements of this section, an electric or gas utility may use any method for providing the
specified data in order to maximize efficiency and minimize overall program cost, and is encouraged to work with

EPA and customers in developing reasonable reporting options.

(d) On and after January 1, 20XX, an owner or operator of a nonresidential building over 10,000 square feet shall
disclose the ENERGY STAR Portfolio Manager benchmarking data and ratings for the most recent 24-month period
to a prospective buyer, lessee of over 2,000 square feet of the building, or lender that would finance over 2,000
square feet of the building. On and after January 1, 20XX, an owner or operator of a nonresidential building over
10,000 square feet shall annually disclose the ENERGY STAR Portfolio Manager benchmarking data and ratings for
the most recent 24-month period to lessees of the building. If the data is delivered to a prospective buyer, lessee,

or lender, a property owner, operator, or their agent is not required to provide additional information, and the
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information shall be deemed to be adequate to inform the prospective buyer, lessee or lender regarding ENERGY
STAR Portfolio Manager benchmarking data and ratings for the most recent 24-month period for the building that is

being sold, leased, financed, or refinanced.

(e) Notwithstanding subdivision (d), nothing in this section increases or decreases the duties, if any, of a property
owner, operator, or his or her broker or agent under this chapter or alters
the duty of a seller, agent, or broker to disclose the existence of a material fact affecting the real property.

(f) Beginning one year after the effective date of this Act all nonresidential buildings over 10,000 square feet
owned or operated by the government or any of its instrumentalities shall be publicly benchmarked
annually using the Energy Star Portfolio Manager benchmarking tool.

(9) All privately-owned nonresidential buildings shall be benchmarked annually using the Energy Star Portfolio
Manager benchmarking tool as designated by the schedule in paragraph

(h) of this subsection; benchmarking data and ratings for the most recent 24-month period each building shall, by
January 1 of the following year, be made available to [government agency]. [Government agency] shall, upon the
receipt of the 2nd annual benchmarking data for each building, make the data accessible to the public via an
online database.

(i) The schedule shall be as follows:
(A) Al buildings over 150,000 square feet of gross floor area beginning in 2011 and thereafter; (B) All buildings
over 50,000 square feet of gross floor area beginning in 2012 and thereafter.

(j) A project that has submitted the first construction building construction permit after January 1, 2011, for new
construction or substantial improvement shall, prior to construction, estimate its energy performance using the
Energy Star® Target Finder Tool and shall subsequently be benchmarked annual ly using the Energy Star® Portfolio
Manager benchmarking tool; provided, that the building is over 10,000 square feet. Benchmark and Target Finder
ratings and data for each building shall, within 60 days of being generated, be made available to [government
agency], which shall make the data accessible to the public via an online database.
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4. Conclusion

Progressive building energy codes and other public policies related to energy codes provide an important means for
reducing energy use in the Northeast. Pursuing a comprehensive building energy codes policy will result in codes
that are more energy efficient, more buildings that comply with code and more effective tools to measure and
verify the energy savings that occur.

Energy efficient buildings result in multiple benefits: financial savings that accrue to both owners and occupants;
fewer emissions of greenhouse gases, and less stress on the electricity grid. It cannot be emphasized enough that
newly-constructed and substantially renovated buildings represent a limited window of opportunity to either ensure
substantial energy, environmental and economic savings for years to come, or miss that opportunity and live with
buildings and homes that are wasteful and inefficient. Lack of a strong building energy code policy will permit
buildings to use more energy than they should, to saddle occupants with unnecessary and unpredictable costs, and
to make compliance with aggressive air quality and climate change policies much more difficult. It is NEEP’s hope
that this Mode! Progressive Building Energy Codes Policy will help states recognize that opportunity and act upon it
in a way that supports the construction of more efficient, sustainable and affordable homes and buildings across the
Northeast.
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5. Appendices

D. Potential Energy Savings and Potential Reductions in Carbon Emissions Resulting From More
Efficient Building Energy Codes

The following four tables hightight the energy and environmental benefits of improving energy codes in the
Northeast. Tables 1 and 2 show potential energy savings in the residential and commercial sectors, respectively,
while Tables 3 and 4 show the potential carbon dioxide emissions avoided in those same sectors.

The levels of code improvement in these tables coincide with the major policy aims established by agencies such as
the U.S. Department of Energy. The DOE has made the improvement of the national model code (2006 Edition of the
IECC and the ASHRAE 90.1-2004) by 30 percent (toward the eventual realization of net-zero energy buildings) as an
explicit policy goal. The next milestone for which code savings are analyzed - 70 percent more efficient than the
2006 IECC - is derived from the DOE defined target of 70 percent energy savings necessary to attain net zero energy
building status, with the remaining energy to attain neutrality resulting from on-site or building-integrated
renewable energy mechanisms.

To give a basis of comparison, the average home in New England uses approximately 120 million BTUs of energy per
year. Therefore, the Massachusetts energy savings in 2011, for example, are equivalent to the energy consumption
of 1,600 New England households. By 2050, the annual energy savings total about 135,000 households.

An average automobile emits roughly 12,100 Ibs of carbon dioxide per year. Therefore, the avoided annual carbon
dioxide emissions in 2050 in the Northeast roughly equates to removing over 16 million cars off the road. (See Figure
6)
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Table 1

Energy Savings from Implementation of Improved Residential Energy Codes in Northeast States® (Trillion
BTUs)

Connecticut

District of
Columbia

Delaware

Maine

Maryland

Massachusetts - |

New Hampshire

New Jersey - |

New York

Pennsylvania

Rhode Island

Vermont ‘

Total

0 The totals for Tables 1-4 come from computer models developed by the Building Codes Assistance Project.
3 As noted earlier, the 30 percent improvement occurs in 2011 and the 70 percent improvement occurs in 2020.
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Table 2

Energy Savings from Implementation of Improved Commercial Energy Codes in Northeast States (Trillion
BTUs)

Conn‘éc‘t"

District bf
Columbia .~ -

Delawa;e o

Maine

Maryland

Massachusetts

New Hampshire

Néw Jersey. B

NewYork |

Pennsylvania

Rhode Island

Vefmonf ,

Total

2 As noted earlier, the 30 percent improvement occurs in 2011 and the 70 percent improvement occurs in 2020.
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Table 3

Carbon Dioxide Emissions Avoided Through Improvements in Residential Energy Code in Northeast States
(million metric tons)

Connecticut
District of
Columbia
Delaware k’ . 0.84 |
Maine BX
Maryland 374
Massachusetts 0.82
New Hampshire %
New Jersey 4,37
New York 5;38
Pennsylvania 5.1‘5 "
Rhode Island - 0.34
Vermont 2.84
Total 28.65

B As noted earlier, the 30 percent improvement occurs in 2011 and the 70 percent improvement occurs in 2020.
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Table 4

Carbon Dioxide Emissions Avoided Through Improvements in Commercial Energy Code in Northeast States
(million metric tons)

Connecticut

District of ...
Columbia

Delaware

Maine

Mai'yland o

Massachusetts

New Hainpshire

New Jersey

New Yo,rlyy(:

Pennsylvama +0.10.

Rhodelsland | 001 | 005 ”

et o5 004
Total 056 503 “

¥ As noted earlier, the 30 percent improvement occurs in 2011 and the 70 percent improvement occurs in 2020.
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E. Glossary of Terms relating to Building Energy Codes
Following is a list of terms that are commonly used in relation to building energy codes.

Administrative Amendment: A change to a model code requirement that brings the adopted regulation into
compliance with state and/or local laws.

Adopting Authority: The agency or agent that adopts the energy code in a state.
ASHRAE: American Society of Heating, Refrigerating and Air-Conditioning Engineers.

ASHRAE Standard 189.1; An ASHRAE standard for minimum requirements for sustainable construction. Standard
189.1 aims for a 30% improvement in energy efficiency over ASHRAE 90.1-2004

ASHRAE/IES Standard 90.1-2007: The latest American Society of Heating, Refrigerating and Air-Conditioning
Engineers/lllumination Engineering Society Standard for construction of commercial buildings.

ASHRAE/IES Standard 90.1-2004: The ASHRAE Standard that has been adopted by most states in the Northeast.
Every northeast state except Massachusetts and Delaware currently enforces this standard.

Building Codes Assistance Project [BCAP]: Organization that assists states in adoption and implementation of
energy codes.

Building Energy Code: Minimum requirements for the building envelope, mechanical systems and lighting for
energy efficiency/conservation.

Building Inspector: The official responsible for the compliance of construction documentation with the adopted
building codes.

Building Official: The officer or his designated representative authorized to act on behalf of the authority having
jurisdiction.

COMCheck: Department of Energy compliance software for energy conservation in buildings other than low-rise
residential buildings.
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Energy Performance Rating: The energy use of the proposed building under actual operating conditions. Projected
energy use targets can be used for buildings in the design or construction process. Examples include kBTU/ sf/yr,
dollars/square foot/yr, dollars/gross sales, Energy Performance Rating Score (US EPA), or like expressions of energy
performance.

HERS Index: The HERS Index is a scoring system established by the Residential Energy Services Network (RESNET) in
which a home built to the specifications of the HERS Reference Home (based on the 2006 International Energy
Conservation Code) scores a HERS Index of 100, while a net zero energy home scores a HERS Index of 0. The lower a
home’s HERS Index, the more energy efficient it is in comparison to the HERS Reference Home. Each 1-point
decrease in the HERS Index corresponds to a 1% reduction in energy consumption compared to the HERS Reference

Home.

Home Energy Rating Service [HERS}: HERS provide a standardized evaluation of a home's energy efficiency and
expected energy costs.A home energy rating involves an analysis of a home’s construction plans and onsite
inspections. Based on the home’s plans, the Home Energy Rater uses an energy efficiency software package to
perform an energy analysis of the home’s design. This analysis yields a projected, pre-construction HERS Index.

I-Code Family: The compendium of separate, integrated model building codes published by the International Code
Council and which include codes that govern energy use. .

ICAA: Insulation Contractors Association of America.
ICC: International Code Council
IEBC: International Existing Building Code

IECC: The International Energy Conservation Code formerly known as the Model Energy Code. The IECC was
published in 1998, 2000, 2003, and 2006 with amendments adopted in the intervening years. The IECC is on an
eighteen month cycle.

IRC: The International Residential Code. This code covers one and two family dwellings, including attached
townhouses.

NCSBCS: The National Conference of States on Building Codes and Standards members include state code
administrators and officials.
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NEBCA: The Northeast Building Code Association, an organization founded in New England in 1966 to promote
adoption of uniform building codes throughout the region.

NFRC: National Fenestration Rating Council. Adopts standards for window and door performance.
NWWDA: National Wood Window and Door Association.

Performance Approach: A performance approach (also known as a systems performance approach) compares a
proposed design with a baseline or reference design and demonstrates that the proposed design is at least as
efficient as the baseline in terms of annual energy use. This approach allows the greatest flexibility but may require
considerably more effort. A performance approach is often necessary to obtain credit for special features such as a
passive solar design, photovoltaic cells, thermal energy storage, fuel cells, and other nontraditional building
components. This approach requires an annual energy use value. There are several commercially available software
tools that perform this analysis.

Prescriptive Approach: A prescriptive approach lists minimum R-value/maximum U-factor requirements for
building envelope components, such as windows, walls, and roofs. It lists lighting systems prescriptive performance
in commercial buildings as the allowable watts per square foot of interior space for various building uses. Minimum
required equipment efficiencies for mechanical systems and equipment are not prescriptive by code, but by Federal
standards.

RECA: The Responsible Energy Codes Alliance, dedicated to adoption of the latest energy conservation codes by all
jurisdictions with no technical amendments.

RESCheck: Department of Energy compliance software for energy conservation in low-rise residential buildings,
including detached residences and townhouses.

Technical Amendment: A revision or waiver of a building quality, efficiency or performance standard requirement
in a model code.

Third Party Inspectors: Qualified, approved inspection agencies and individuals responsible for inspection of
specialized construction work under the authority of an approved design professional in responsible charge of a
special inspections program,

Time-of -Sale Energy Code Requirements: A local law setting either a reporting or energy upgrade requirement on
transfers of property.
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Trade-Off Approach Energy efficiency compliance achieved for an entire building or structure by allowing
decreased energy efficiency in one component against increased efficiency in another component, thereby
offsetting each other and maintaining a prescribed level of efficiency/energy loss. These trade-offs typically occur
within major building systems (e.g. envelope, mechanical) or in commercial lighting, but may not be allowed
between systems unless by exception.
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PREFACE
Regional EM&V Methods & Assumptions Guidelines

Background and Purpose: These Regional Evaluation, Measurement and Verification (EM&V)
Methods & Assumptions Guidelines (‘the Guidelines’) were prepared for the Regional EM&V
Forum (‘the Forum’). The Forum, established in 2008, is a regional project facilitated and
managed by Northeast Energy Efficiency Partnerships (NEEP) representing states in New
England’, New York, New Jersey, Maryland, Delaware, and the District of Columbia.

The intent of these guidelines is to provide clarity, transparency, and a common
understanding of methods to consider in determining gross energy and demand savings, and
savings assumptions for a priority set of energy efficiency program/project types or measures.
The Forum initiated this project because it is believed that some form of EM&V guidance, if
implemented and used, can provide the following benefits to the Region:

) Improve the credibility and comparability of energy efficiency resources to support state
and regional energy, climate change and other environmental policy goals;

) Remove barriers to the participation of energy efficiency resources in regional markets
by making EM&V practices and savings assumptions more transparent, understandable
and accessible;

o Reduce the cost of EM&V activities by leveraging resources across the region for studies
of common interest (where a need for new data has been identified); and

o Inform the potential development of national EM&V protocols.

Basis for Guidelines: The Guidelines are based on research that captures existing EM&V
methods used in the industry today’. They are presented in the format of cross-cutting
recommendations that are applicable to fourteen measures/programs (covering topics such as
rigor, site inspections and measure life determination), and in the form of measure specific
recommendations. The Guidelines recommend basic EM&V methods, and alternative or
additional approaches for conducting EM&V which Forum participants can use independently
for any one program/measure type, and/or in combination, depending on the specific energy
efficiency project, program or portfolio objectives.

The Guidelines are also based on a review and comparison of savings input assumptions and
algorithms for the set of measures/programs. The Guidelines recommend and provide
commentary on: where greater consistency on certain savings assumptions makes sense;
where consistency is neither appropriate nor warranted; and where better documentation (or

' Connecticut, Massachusetts, Maine, New Hampshire, Rhode Island, and Vermont.
2 The Guidelines are based on the EM&V Forum project Develop Common EM&V Methods and Savings Assumptions
conducted by KEMA Consulting, April 2010. To view full report, see http:// neep.org/emyv-forum/forum-products-

and-guidelines.
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new research) is needed to support savings assumptions, in particular those that are deemed
or stipulated.

Use of Guidelines: The Guidelines are not intended to be mandatory, as it is recognized that
identical EM&V requirements and practices may be difficult to implement for the entire
Forum Region given states or jurisdictions can have different program and EM&V objectives,
budgets, and uses for their EM&V analyses. As such, these guidelines attempt to capture an
appropriate balance of being flexible and not overly prescriptive, while providing sufficient
detail so as to be meaningful and useful so that the Region can move towards greater
consistency in how energy efficiency savings are determined.

The Guidelines are intended only to guide the design of comprehensive studies that estimate
multiple impact parameters for one of the fourteen measures addressed in this report - once
a determination has been made to conduct such a comprehensive study. The Guidelines
should not be interpreted as suggesting that such comprehensive studies are always desirable,
should be conducted with any particular frequency or should be routinely integrated into
annual savings verification procedures. Decisions on when such comprehensive studies should
be conducted will necessarily be based on local factors, including local trade-offs between
the benefits of additional accuracy of savings estimates and the cost of such studies.

The Guidelines are also not necessarily applicable to studies intended to focus only on
individual parameters or subsets of parameters. Further, the Guidelines do not make
recommendations regarding transferability of evaluated results from one service territory to
another within a state or region. While use of secondary data is generally accepted within
the Forum region as a means to reduce evaluation costs (including for certain Forum projects
€.8., commercial lighting loadshape study), validity implications of data transferability have
yet to be explicitly and consistently addressed. It is recommended that the Forum develop
guidelines on the transferability of evaluation results and review evaluation cycles to help
ensure that the results are valid, appropriate, and reasonable.

Evaluators, program administrators, policymakers and others are encouraged to refer and use
these recommended Guidelines, along with other Forum products on common EM&V
terminology and common reporting formats, and to make suggestions for improvements
and/or changes going forward. These Guidelines, as such, are viewed as a living document,
and may lead to future projects that expand the measures/programs covered beyond those
included herein. Additional efforts may also include exploring how the Forum’s efforts, with
respect to consistency, can support or perhaps even lead to similar efforts in other regions
and nationally as efficiency becomes an increasingly greater strategy in energy and climate
change mitigation efforts.

A special thanks is noted to this project’s subcommittee members for their input and

guidance in the development of these Forum guidelines: Gail Azulay, Mary Cahill, Alexey
Cherniack, Gian Deluca, Niko Dietsch, Helen Eisenfeld, Victoria Engel-Fowles, Kristy
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Fleischmann, Gene Fry, Dimple Gandhi, Ruth Gay, Don Gilligan, Paul Horowitz, David
Jacobson, Jeff King, Taresa Lawrence, Cathy Lezon, Huilan Li, Teri Lutz, Laura Magee, Erin
Malone, Ed Miller, Josu Omaechevarria, Kim Oswald, David Pirtle, Ralph Prahl, Frederick
Sackett, Jeff Schlegel, Mary Straub, Sheldon Switzer, Earle Taylor, Dave Weber, Lynn
Westerlind, and John Zabliski.

The Project was managed by Julie Michals (NEEP), with Steve Schiller (Schiller Consulting)
serving as project advisor.
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Regional EM&V Methods and Savings Assumptions Guidelines

These Guidelines identify and define common and consistent methods for preliminary (ex-
ante) savings, gross and net evaluated (ex-post) savings, measure baseline, life, and
persistence, and strategies for dealing with uncertainty/rigor. The Guidelines cover the
following program and technology types (fourteen in total)

Central A/C Gas Boilers/Furnaces

Comprehensive Multi-Measure (R) Lighting (Res)

Comprehensive Multi-Measure (NC) | Lighting (R)

Custom Measures (R/NC) Motors (NC/TR)

Gas Boilers/Furnaces Prescriptive Chillers (NC/TR)
HVAC (NC/TR) Unitary/Split HYAC (NC/TR)
Lighting (NC) VSDs (R/NC)

The Guidelines address each of the following EM&V elements:

Estimating initial/preliminary gross energy and demand savings;
Calculating gross evaluated energy and demand savings;
Determining baseline conditions; and

Determining measure life and persistence.

The first two elements are discrete for each of the fourteen electric and gas efficiency
measures herein. For the latter two areas, Cross-Cutting Guidelines are provided.

1.1 Cross-Cutting Guidelines

This section presents guidelines for specific aspects of evaluation, measurement and
verification practice that apply across the measures and are equally appropriate for all
current and future measures that may be added to these guidelines.

111 Installation Verification

Verification refers to a program implementation process by which in-house staff or contracted
inspectors verify the installation of all or a sample of installed measures. For most measures,
this “quality control” procedure is performed prior to issuance of an incentive payment. This
sort of verification is impractical for some small prescriptive and self-install measures, e.g.
residential retail CFLs. In the context of evaluation, verification is a method of assessing
impacts without direct measurement, e.g. phone surveys, on-site inspections, etc. Only when
paired with measurement does verification become “M&V.”
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Verification of a sample of installations is highly recommended for all programs and measure
categories. Verification incurs a cost, but as system reliability becomes more closely linked to
energy efficiency resource performance, this cost provides increasing benefits. Assuming that
payment of an incentive or proof of purchase equates to energy savings becomes riskier as the
margins for error decrease.

Verification is often limited to projects/measures with the greatest cost and savings. When
much is at stake in large projects, it is easier to verify to also justify the cost. However, some
measures, such as compact fluorescent lamps, in aggregate can have an equivalent impact if
not installed.

Installations should be verified by either a third party or by program administration staff. We
emphasize that sampling approaches and regularly scheduled verification studies may be
appropriate for some measures/ programs instead of continuous verification for the full
population. Procedures should be implemented to ensure that differences noted in inspection
get reflected in program tracking. A higher verification fraction is recommended in program
infancy, very large installations, or following substantive program revisions.

1.1.2 Determining Baseline Conditions

Within each of the measure-specific guidelines below there is a definition for the measure’s
baseline efficiency, a critical input into the savings calculation. In its simplest formulation,
the savings forecast is the difference between what is (the baseline) and what will be (the
intended condition). From there it gets more complicated. The baseline for a specific
measure is not a single number.

For most measures there will be at least two baselines, one for market-driven choices (often
called “lost opportunity” and either replacing equipment that has failed or new installations)
and one for discretionary installations (often called retrofit or early retirement). In the first
case, the baseline may be a jurisdictional code, a national standard, or the prevailing level of
efficiency in the marketplace. For retrofit installations, the efficiency of the existing
equipment may be the baseline, but at some point the savings calculation must incorporate
changes to the baseline for new installations, e.g. code or market changes. Even at this level
of differentiation, the baseline may not be correct.

A prime example of this phenomenon occurs when code is used as a baseline. The assumption
that a legal requirement translates into action is foresworn by the full gamut of human
behavior, even when there is enforcement to encourage compliance, as with speed limits. In
the realm of efficiency, where compliance mechanisms often lag regulation and the
“behavior” is much more private, it is even riskier to assume that the law is being followed.

It is recommended that a regular review of baselines in use be undertaken to determine and
prioritize baseline research on a three to five year cycle. This process is critical to achieving,
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and maintaining, alignment between the conditions as they are and the conditions as they are
used in savings calculations.

113 Determining Measure Life and Persistence

The measure-specific guidelines can be used to determine the savings for a discrete period of
time. The capacity savings (kW) are instantaneous and calculated with reference to the
maximum load. The energy savings (kWh) are typically presented for the first year. However,
most measures last for more than one year.

Comprehensive guidelines should define a process for determining measure life for each
measure, and then memorializing both the process and the outcome in comprehensive
resources. While any of the methods currently used, e.g. vendor estimates & stipulated value,
may be accurate, without structured review and analysis they may misrepresent actual
performance. As for baseline conditions above, there should be a regular review cycle to
assure that each measure lifetime assumption is not so old as to be out of date. A full
measure life study is not needed for each measure every three or five years. Rather, an
intentional process to determine if a study is appropriate is recommended.

Temporal factors “persistence” and “in-service rate” are not uniformly used. Some use these
factors, some report them as incorporated in the measure life, and in some cases it is not
clear if they are addressed. Measure life should be defined to include these factors if they
are deemed necessary by the Forum or by external stakeholders, and should be considered in
the design of measure life research.

1.1.4 Statistical Precision

The matter of quantifying the statistical precision of a composite domain such as an energy-
efficiency portfolio is a complex one, and analytical consultants can assist with this process.
One of the practical implications is that the statistical precision for dominant
measures/sectors can ‘carry’ one’s portfolio, i.e. ensure the portfolio achieves precision
targets regardless of the precision in other program areas. In a strictly statistical sense, the
level of precision for dominant program areas such as Large C&! Retrofit or Residential
Lighting tends to be far more important than the precision of lesser areas such as HVAC tune-
ups or ENERGY STAR Appliances. In fact, the statistical precision of ‘minor’ portfolio
components can remain immaterial even with assumed +100% precision.

Program administrators must also consider that statistical precision in impact evaluation is
not solely a matter of regulatory and capacity market rules compliance. Statistical precision
is an important means of expressing the validity of estimated tracking and evaluation
impacts. Further, one must remember that statistical precision often positively correlates
with evaluation cost. This is true because sample size increases with statistical precision, and
for each sample point that improves statistical precision there is an added burden of
evaluation cost (i.e. added travel costs, monitoring equipment, interviews etc.). Despite
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increased rigor from capacity market rules, sample designs must remain efficient and
optimized to achieve appropriate precision at a reasonable cost.

Recommendations: In order to establish and achieve statistical precision objectives in all
required/sought dimensions, the following process should be considered:

1. ldentify statistical confidence/precision requirements. These should include key
requirements (e.g. capacity market specifications) and legacy objectives (e.g.
90/10 for annual energy savings). Also, establish the domain for each
requirement, be it the portfolio, program, state, load-zone, etc.

2. Establish your unique precision targets and dimensions. Regulatory and market
requirements may offer program administrators either a threshold or a range of
confidence intervals and precision. In either case, program administrators may
make an independent assessment of the precision targets that are necessary for
their particular needs relative to the domain of the evaluation (i.e. sector,
program, end use), their intended use and audience for the evaluation results, and
considerations of expected variability and the financial or system impact of varying
degrees of uncertainty.

3. Pursue the most challenging target. In most cases, statistical objectives will be
multi-pronged, e.g. 80/10 for summer kW, 80/10 for winter kW, and 90/10 for
energy kWh. Designing a single sample to meet all objectives can be difficult and
is dependent upon the unique population characteristics and expected variability
for each parameter. In practice, one often can achieve all objectives by pursuing
the element with the greatest variability; for New England large C&! programs, this
tends to be the winter coincident demand impact. For example, a recent KEMA
large C&I impact evaluation achieved +10.6% precision for winter kW and +8.2%
precision for summer kW (both at 80% confidence as per I1SO New England
requirements) and +4.7% precision at the 90% confidence level.

It is important to note that these confidence/precision requirements are for statistical
sampling alone and do not reflect other sources of uncertainty such as measurement error,
equipment accuracy, and parameter bias. Most M&V manuals (ISO New England, PJM
Interconnection, Federal Energy Management Program (FEMP), American Society of Heating,
Refrigerating, and Air-Conditioning Engineers (ASHRAE)) include guidelines for controlling
these other sources of error.

1.1.5 Other Sources of Uncertainty and Threats to Validity

Statistical precision gets a lot of attention in efficiency program evaluation. Most evaluators
are familiar with error bounds, confidence intervals, and relative precision, the most
commonly used techniques for reporting statistical precision. However, many do not realize
that statistical precision can be misleading if there is bias or non-statistical error in the
underlying data. Bias can be hard to identify and extremely difficult to quantify, but it ought
not be ignored or dismissed. One must remain vigilant for sources of error such as response
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bias, hand-picked (or excluded) sample projects, and measurement error. The California
Evaltuation Framework offers some good advice on mitigating bias and strengthening validity:

“In a high quality evaluation, those implementing the study would strive to mitigate the risk
of bias and to honestly report any circumstances about the study that might increase the
likelihood of bias. Unfortunately, it usually takes extra time and money to reduce the risk of
bias, and the usual measures of the statistical precision of the results may not be improved at
all. For example, in order to reduce the risk of non-response bias in a telephone survey, a
substantial investment may be needed in more extensive training for the surveyors, more call
backs, and perhaps to offer a financial incentive to each respondent. It may be tempting to
accept a higher non-response rate and divert these resources to a larger sample size since this
strategy will almost certainly give a narrower confidence interval. This strategy can seriously
compromise the integrity of a study. To make appropriate judgments in planning and
executing sound evaluation studies and in interpreting their results, evaluators, reviewers,
and those using evaluation results need to understand what bias is, how it can arise, and how
it can undermine an evaluation study.”?

In sections on Statistical Significance, both the ISO New England and PJM Interconnection M&V
manuals require Project Sponsors to describe methods for mitigating and controlling bias in
demand estimates. These manuals list many sources of potential bias beyond statistical
precision. According to these manuals, relevant types of potential bias for estimates based
upon engineering and direct measurement include but are not limited to:

e accuracy and calibration of the measurement tools;
e measurement error;

¢ engineering model bias;

e modeler bias;

e deemed parameter bias;

e meter bias;

e sensor placement bias; and

o sample selection bias or non-random selection of equipment and/or circuits to
monitor.

For estimates based upon regression or statistical analysis, relevant types of potential bias
include but are not limited to:

¢ model misspecification;

e statistical validity;

e error in measuring variables;
e autocorrelation;

s heteroscedasticity;

® The California Evaluation Framework, Chapter 12: Uncertainty, January 2006, p. 290.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421 P: 781.860.9177 www.neep.org



. REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

REGIONAL EM&V METHODS AND SAVINGS ASSUMPTIONS GUIDELINES - May 2010 Page 11 of 40

e collinearity;
¢ outlier data points; and
e missing data.

For estimates based upon survey or interview data, relevant types of potential bias include
but are not limited to:

¢ construct validity;

¢ sampling frame versus population;

e selection bias (for a sample and for a census attempt where not all sites within the
census received usable data);

e non-response bias;

e error in measuring variables;

o sample homogeneity relative to project (external validity);

e outlier data points; and

¢ missing data.

Beyond a few vocal experts and advocates, the evaluation community is only beginning to
grasp the importance and implications of these sources of uncertainty. The Forum is calling
for a more balanced treatment of the true sources of uncertainty bearing on evaluation
results, and this brief overview draws attention to the vast number of threats to validity
beyond statistical precision.

1.2 Measure-Specific Guidelines

This section presents guidelines for fourteen measures or program types. The measure
specific recommendations use a concise, two-section format to present guidelines on the
following issues:

o Estimation methods and savings assumptions for initial/preliminary gross energy and
demand; and
e Recommended M&V methods for pursuing gross evaluated energy and demand.

The first piece of each guideline presents the prevailing savings algorithm with a listing of
inputs and savings assumptions. The second piece of each guideline is a brief outline of
recommendations pertaining to program tracking and recommended/alternative M&V
methods. Tracking recommendations relate to the data management processes and systems
employed to document and database the savings associated with energy efficiency program
measure installations. These recommendations emphasize completeness of pre-evaluation
“initial gross” and “net” estimates of energy and demand impacts. The recommended and
alternative M&V methods correspond to the “Options” defined in either the ISO New
England or PJM Interconnection M&Y manuals. These regional capacity market M&V
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requirements are the prevailing compliance concern in the Forum region, and are largely
based on the International Performance Measurement and Verification Protocol (IPMVP).

Finally, while the following guidelines focus upon primary M&V research, the readers should
be aware of a recent EM&V Forum effort* that investigated the usability and transferability of
load shape data from other sources, i.e. secondary data. Many jurisdictions have expressed
support for the use of secondary data for measures such as residential lighting. This is an
emerging issue, and guidelines for applicability of evaluation results and/or demand savings
have yet to be fully explored in the Northeast.

* End-Use Load Data Update Project Final Report, Phase1: Cataloguing Available End-Use and Efficiency Measure
Load Data, September 2009. Available at http://neep.org/emv-forum/forum-products-and-guidelines.
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1.21 Residential Central Air Conditioning

Prevailing Algorithm for Energy and Demand:
kWh Saved = (Size in Btu/hr) x (1/SEERpasetine - 1/SEERinstated) / 1000 x (Full Load Cooling Hours)
kW Saved = (Size in Btu/hr) x (1/EERyasetine - 1/EERnstaned) / 1000 x (Coincidence Factor)

Notes on Algorithm:

1. Some entities express unit size or cooling capacity in terms of “tons” of cooling, a unit of power
equivalent to 12,000 Btu/hr but lacking accuracy due to nominal tonnage nomenclature.

2. Other algorithms use discrete estimates of load factor, diversity factor, and coincidence factor in place of
a combined “coincidence” factor to account for all these effects. The product of the three discrete
factors is equivalent to the single combined loading/diversity/coincidence factor.

3. Most Technical Reference Manuals (TRMs) cite “full load hours” or “equivalent full load hours” in their
algorithm, but one TRM uses “cooling load hours” which separates the influence of electrical efficiency
from the time term in the equation.

Description of Inputs:

Baseline Efficiency: Rated Seasonal Energy Efficiency Ratio (SEER) and Energy Efficiency Ratio (EER) of baseline
equipment as per established standard or baseline study. Approximately 13 SEER and 11 EER. “Early
retirement” tracks either prorate the existing and new construction baselines over the measure life or assume
9 or 10 SEER for baseline.

installed Efficiency: Rated SEER and EER of installed equipment as per Air-Conditioning, Heating, and
Refrigeration Institute database. Approximately 14 SEER and 12 EER or refer to “Energy Star or higher”.

Units of Cooling Capacity: Engineering units for cooling capacity in Btu/hr for accuracy and to ensure efficiency
compliance.

Full Load Cooling Hours: The ratio of annual cooling unit energy to nameplate peak demand. Cooling hours should
reflect localized climate conditions and be based upon technical research studies. With few exceptions, most
states in the Forum region have distinct climate zones which warrant distinct estimates of cooling hours.

Demand Factors: Adjustments to rated demand for use in deriving coincident impacts; recommendation is to
consolidate these discrete adjustments into one coincidence factor for each season, i.e. Summer and Winter.
As with full load cooling hours, seasonal coincidence should reflect localized climate conditions and should be
based upon technical research studies.

Loading: The ratio of peak observed to rated maximum load for a piece of equipment. A discrete factor to
express equipment over sizing effects at the typical unit level.

Diversity: The ratio of the maximum combined demand to the sum of non-coincident demands across a group.
A discrete factor which expresses the extent to which a group contributes to a combined maximum.

Summer Coincidence: The ratio of peak demand at the same time as a “summer” period to the peak demand
across all periods. Summer coincidence factors range from 70% to 100% across the regional TRMs.

Winter Coincidence: The ratio of peak demand at the same time as a “winter” period to the peak demand
across all periods. The winter coincidence factor should be 0% for residential central air conditioning.

Opportunities for Improved Consistency or Areas Where Differences are Warranted:

1. Standardize on Btu/hr as the unit of cooling capacity in the interest of accuracy and compliance.

. Include both SEER and EER in algorithms for the best expression of both seasonal and peak performance.

3. Consolidate load, diversity, and coincidence factors into single factor combining all peak coincidence
drivers.

4, Document credible sources for all savings assumptions. Currently, not all savings assumptions are clearly
documented, and TRMs ought to cite credible sources for all savings assumptions to improve
methodological transparency.

5. Develop (or continue to use) localized assumptions for cooling hours and peak coincidence. Consistent
assumptions used for cooling hours across some states may not be warranted due to climate zones.

6. Consider differentiating by home vintage and location in program estimates of full load cooling hours.
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This category is limited to central air conditioning (CAC) installed as a stand-alone measure and excludes CAC
installed through comprehensive new construction programs. This category does not include ENERGY STAR room
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air conditioners or “space coolmg” measures.
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M&V Method

.| Metering methods often
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kW measurements on both
the outdoor compressor
and indoor fan units.

~evaluation method: fo

Billing analysns (Optton C)

Billing analysis alone
cannot quantify demand
impacts.

" comprehensive coohng measure

smulatron modeling (Option D) is a high rigor
wh|ch |s especially effectwe at captunng measure

simulation mo Jeling i IS pa ic

Metering would mirror
Option B probably with
whole premise interval kW
and some temperature
measurements.

Northeast Energy Efficiency Partnerships

91 Hartwell Avenue Lexington, MA 02421

P: 781.860.9177 www.neep.org



@ ] recionaL evaLuaTiON,

MEASUREMENT & VERIFICATION FORUM

REGIONAL EME&V METHODS AND SAVINGS ASSUMPTIONS GUIDELINES - May 2010 Page 15 of 40

1.2.2

Residential Comprehensive Multi-Measure Retrofit

Prevailing Algorithm for Energy and Demand:

No prevailing algorithm. These comprehensive retrofits are comprised of a wide variety of measures and
technologies. Savings methods for the component measures are not well documented in TRMs.

Notes on Algorithm:

1.

The various energy-efficiency vendors that deliver residential comprehensive multi-measure retrofit
measures tend to employ in-house software for developing/reporting savings. While the vendors and
software methods are approved by the program, the savings methods are not necessarily unified or
consistent.

A detailed review of the algorithms and savings assumptions for the remaining component measures such
as appliances, insulation, weatherization, and water heating necessitates an examination of each
vendor’s methods. Research is warranted in this area to promote methodological consistency.

Technical reference manuals tend not to document residential comprehensive multi-measure retrofits as
an umbrella offering and do not provide sufficient data to facilitate a comparison of savings assumptions.

Description of Inputs:
Not available.

Opportunities for Improved Consistency or Areas Where Differences are Warranted:

1.
2.

Some of the simpler, component measures within residential comprehensive retrofit programs - such as
domestic hot water - lend themselves well to a stipulated savings approach.

For lighting measures, a calculated approach using stipulated parameters, e.g. wattage reduction and
hours-of-use, offers consistency for connected demand impact and localized tuning for energy and
coincident peak demand savings.

Administrators should require transparency and consistent savings methodologies across all vendors
delivering residential comprehensive retrofits in a given program or state.

Given the differences in climate and demographics across the Forum region, it is appropriate for program
administrators to continue to develop certain localized assumptions that reflect local characteristics such
as lighting hours-of-use, coincidence factors, and market standard insulation levels.
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This category encompasses comprehensive multi-measure retrofit installations in residential homes. Sometimes
called “deep retrofits” or “home energy services”, these measures are characterized by a whole-home approach
which typically involves an audit followed by efficiency recommendations for multiple end uses and technologies.
The comprehensive residential approach tends to be electric-centric but also may span fuel measures such as

water heating, boulers, or furnaces
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1.2.3 Residential Natural Gas Boilers and Furnaces

Prevailing Algorithm for Energy and Demand:
Therms saved = (Size in Btu/hr INPUT) x (1/AFUEeiine - 1/ AFUEgtaieq) X (Full Load Heating Hours) / 100,000

Alternative Algorithm:
Therms savings = (Size in Btu/hr INPUT) x EFLHeff x (AFUEeff/AFUEbase - 1)/100,000

Where the size of the unit and EFLHeff is for the installed high efficiency unit

Notes on Algorithm:

1. Most Technical Reference Manuals (TRMs) cite “full toad hours” or “equivalent full load hours” (EFLH) in
their algorithm, but one TRM uses “heating load hours” which separates the influence of thermal
efficiency from the time term in the equation.

One TRM adds a heating load factor to explicitly adjust for over-sizing of the heating unit.
One state’s algorithm accounts for the size of the installed and baseline units separately, using a fixed
baseline capacity of 91,000 Btu/hr to represent the “typical heating unit” based on a baseline study.

W

Description of Inputs:

Baseline Efficiency: Rated Annual Fuel Utilization Efficiency (AFUE) of baseline equipment as per established
standard or baseline study. Efficiency depends upon program type (early replacement, time of replacement,
or new construction) as well as equipment type. Prevailing AFUE baselines are 75% for steam boilers, 78%-80%
for furnaces, and 80-83% for hot water boilers.

Installed Efficiency: Rated AFUE of installed equipment as per Air-Conditioning, Heating and Refrigeration
Institute (AHRI) database. Approximately 82% for steam boilers, 85% for non-condensing hot water boilers,
90% for condensing hot water boilers, and 92% for furnaces or refer to “Energy Star or higher”.

Operating Hours: The ratio of annual heating unit energy to nameplate peak demand. Heating hours should
reflect localized climate conditions and be based upon technical research studies. With few exceptions, most
states in the Forum region have distinct climate zones which warrant distinct estimates of heating hours.

Summer Coincidence Factor: The ratio of peak demand at the same time as a “summer” period to the peak
demand across all periods. The summer coincidence factor should be 0% for residential heating equipment.

Winter Coincidence Factor: The ratio of peak demand at the same time as a “winter” period to the peak demand
across all periods. Currently, most regional TRMs do not specify coincidence factors for natural gas measures.
Coincidence should reflect localized climate conditions and should be based upon technical research studies.

Opportunities for Improved Consistency or Areas Where Differences are Warranted:

1. Programs should take credit for electric impacts associated with efficient furnace fans within the naturatl
gas furnace measure.

2. States currently using a custom approach for “point of sale” residential gas furnace and boiler measures
should consider a prescriptive approach using the prevailing savings algorithm described above.

3. Develop (or continue to use) localized assumptions for heating hours and peak coincidence. Consistent
assumptions used for heating hours across some states may not be warranted due to climate zones.

4, Consider differentiating by home vintage and location in program estimates of heating hours.
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This category is limited to residential natural gas boilers and furnaces and excludes: space heating equipment such
as portable or room space heaters; electric or oil space heating equipment; and associated controls such as boiler
reset controls. This category addresses stand-alone heating equipment and excludes natural gas boilers/furnaces

installed through comprehenswe new constructlon programs.
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1.24  Residential Lighting

Prevailing Algorithm for Energy and Demand:
kWh Saved = (Quantitysasetine X WattSpasetine) - (QuUantityinsayed X WattSiostated) / 1000 x (Annual Hours)
kW Saved = (Quantitypaseline X WattSpasetine) - (Quantityinstaies X WattSinstaned) / 1000 x (Coincidence Factor)

Notes on Algorithm:
1. Some Technical Reference Manuals (TRMs) stipulate the wattage reduction, utilizing a common Quantity
term and substituting a aWatts or kW/unit term for (Wattspaseiine - WattSinsaied) in the equation above.
2. For retail programs, an in-service rate (ISR) often is added to the gross savings algorithm to represent the
percentage of rebated units that actually get used. Some entities presume 100% installation rate or
account for ISR in a net savings adjustment.

Description of Inputs:

Baseline Fixture Quantity: The number of fixtures in the corresponding baseline. The same as Installed Fixture
Quantity for one-to-one replacements.

Baseline Fixture Wattage: For CFLs, baseline is typically 3.4 times Installed Fixture Wattage. For other
fixture/lamp types, baseline wattage obtained from lookup tables developed and refined by technical and
baseline studies.

Installed Fixture Quantity: The number of installed fixtures.

Installed Fixture Wattage: The rated wattage of the installed fixture, inclusive of both tamp and ballast.
Obtained from nameplate data.

Annual Hours: The number of operating hours for the fixture in a typical year. Depending upon the program
delivery vehicle, this can be derived from site-specific information, research-based estimates of lighting hours
by room type, or - for retail programs - assigned a typical whole-home estimate which reflects the uncertainty
of the lamp location. Residential lighting lends itself well to shared hours-of-use studies.

Coincidence Factors: Adjustments to rated demand for use in deriving coincident impacts; recommendation is to
consolidate the Diversity into the Summer and Winter coincidence factors.

Diversity: The ratio of the maximum combined demand to the sum of non-coincident demands across a group.
A discrete factor which expresses the extent to which a group contributes to a combined maximum.

Summer Coincidence: The ratio of peak demand at the same time as a “summer” period to the peak demand
across all periods. Summer coincidence factors range from 9% to 35% across the regional TRMs.

Winter Coincidence: The ratio of peak demand at the same time as a “winter” period to the peak demand
across all periods. Winter coincidence factors range from 5% to 100% across the regional TRMs.

Opportunities for Improved Consistency or Areas Where Differences are Warranted:
1. A calculated savings methodology would facilitate regional consistency better than stipulated savings.

Demand reductions by lighting technology are logical stipulations as inputs, and a consistent algorithm
would allow for localized tuning of hours and coincidence for savings impacts.

2. Direct install residential lighting programs in the region assign lighting hours by both room type and
fixture type. Improved consistency would come from agreeing on one hours-of-use dimension - either
room type or fixture type.

3. The majority of residential lighting programs factor the ISR into gross savings, while a few reflect this
adjustment in net savings. Achieving regional consistency suggests inclusion of ISR as a gross effect.

4. Combine coincidence factor with diversity. This should help to address significant differences observed in
winter coincidence factors.

5. Given demographic, geographic, program maturity, and behavioral differences in lighting usage across
region, specific states/utilities should consider localized assumptions for lighting hours, peak
coincidence, and HVAC interactive factors.
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This category is limited to single-family residential lighting exclusive of specialty low-income and multi-family
programs. These measures span new construction, retrofit, direct install, and retail lighting programs.

Program Tracking

Additional parameters

| useful for quality control
| and also for evaluation

design, e.g. sampling.

Recommended Time-of-use lighting
M&V Method loggers on a sample of
lamps and fixtures,
typically by room type.
Alternative e method is to rely upon telephone surveys to Not literally M&V without
M&V Methods formation such as socket counts, hours of use, and measurement, but this

purChasmg habits. Research has shows that verbal hours tend
to be overstated, but this type of Verification (not true M&V) is
consudered reasonable ngor for certam apphcatlons

may comply with ISO-
NE/PJM “Option A” with
well-documented
stipulations.
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1.2.5

1.

1.

C&l Comprehensive Multi-Measure New Construction

Prevailing Algorithm for Energy and Demand:

Technical reference manuals (TRMs) do not provide calculations or algorithms for commercial and industrial
comprehensive multi-measures; each project is unique. Comprehensive projects are often directed towards
large facilities and cover wide ranges of equipment, schedules, approaches, and measure interactions.

Notes on Algorithm:

Comprehensive multi-measures are akin to multiple, interactive custom measures, and custom measures
do not have prevailing algorithms. Nonetheless, the fundamental approach is to characterize the full
dynamics of energy usage for the baseline and installed conditions across all hours of the year.

Hourly building simulations are a popular method, however advanced 8,760 spreadsheets can model
energy usage in a more transparent manner.

With regard to measure interaction, the sequence in which the multiple measures are assessed affects
the total savings for the combined measures.

Description of Inputs:
Not applicable.

Opportunities for Improved Consistency or Areas Where Differences are Warranted:

It is not possible to anticipate all possible factors and assumptions that comprise comprehensive multiple
measures. However, criteria when comprehensive measures are required should be established and
stated clearly in technical program documentation.

Calculations using site-specific baselines, installed equipment, and savings assumptions provide the most
appropriate and rigorous path to savings impacts. Establishing interactive requirements for custom
multiple measures is essential in obtaining true energy and demand savings.

Comprehensive projects can be comprised of both custom and prescriptive measures, and interaction
should be handled in such a way to avoid double counting. Interactive hierarchies should be developed to
provide a uniform track to calculate and report savings.

Comprehensive measures are inherently unique and project-specific. Even if methodological consistency
is pursued (e.g. using eQUEST models), each project should employ local weather and operationat
characteristics.
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This category is limited to the installation of commercial and industrial comprehensive multi-measure new
construction projects. The comprehensive and multi-measure category is not clearly defined or specifically
mentioned in many of the TRMs. References to multiple measures are included in custom measure discussions.

Detailed Approach

Program Tracking | Additional parameters
useful for quality control
and also for evaluation

design, e.g. sampling.

Recommended Metering would include
M&V Method whole premise interval kW
.gath and some end use
operatlonal charac.' r : : metering.
Alternative A v1able alternatwe would be on-site i \\spectlons w1th metering | Metering would be interval
M&V Methods that,e mpasses the entire set of measures (Option B). A kW measurements on all or
-complex engineering spreadsheet model would capture the select end use equipment.

dynamics and interactions on an hourly basis. Less rigorous
metenng (Option Ay could be performed if ¢ accur
“validity is not a SIgmflcant concern. .,
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1.2.7 C&l Natural Gas Boilers.and Furnaces

Prevailing Algorithm for Energy and Demand:
Furnaces < 225 MBH and boilers < 300 MBH
Therms saved = (Size in Btu/hr INPUT) X (1/AFUEysseiine - 1/AFUEqstaued) X (Full Load Heating Hours) / 100,000
Furnaces > 225 MBH and boilers > 300 MBH
Therms saved = (Size in Btu/hr INPUT) x (1/EfficienCypasetine - 1/Efficiencyinstaned) X (Full Load Heating
Hours)/ 100,000
Alternative Algorithm
Therms savings = (Size in Btu/hr INPUT) x EFLHeff x ( AFUEeff/AFUEbase - 1)/100,000
Where the size of the unit and EFLHeff is for the installed high efficiency unit

Notes on Algorithm:
1. The prevailing algorithm only employs Annual Fuel Utilization Efficiency (AFUE), however the Air-

Conditioning, Heating and Refrigeration Institute (AHRI) limits the use of AFUE to furnaces under 225 MBH
and boilers less than 300 MBH. Units above this size have efficiency ratings in thermal efficiency and
combustion efficiency. Accordingly, the recommended algorithm above includes a distinct expression for
units above this size threshold.

2. Most Technical Reference Manuals (TRMs) cite “full load hours” or “equivalent full load hours” (EFLH) in
their algorithm, but one TRM uses “heating load hours” which separates the influence of thermal
efficiency from the time term in the equation.

Description of Inputs:

Baseline Efficiency: Rated AFUE or thermal efficiency of baseline equipment as per established standard or
baseline study. Prevailing AFUE baselines are 75% for steam boilers, 78% for furnaces, and 80 for hot water
boilers.

Installed Efficiency: Rated AFUE of installed equipment as per AHRI database. Approximately 82% for steam
boilers, 85% for non-condensing hot water boilers, 90% for condensing hot water boilers, and 92% for furnaces.

Operating Hours: The ratio of annual heating unit energy to nameplate peak demand. Heating hours should
reflect localized climate conditions and be based upon technical research studies. With few exceptions, most
states in the Forum region have distinct climate zones which warrant distinct estimates of heating hours.

Summer Coincidence Factor: The ratio of peak demand at the same time as a “summer” period to the peak
demand across all periods. Most programs do not estimate peak coincidence for gas measures; however one
TRM specifies a 12% summer coincidence factor for commercial gas heating equipment.

Winter Coincidence Factor: The ratio of peak demand at the same time as a “winter” period to the peak demand
across all periods. Most programs do not estimate peak coincidence for gas measures; however one TRM
specifies an 88% winter coincidence factor for commercial gas heating equipment. Coincidence should reflect
localized climate conditions and should be based upon technical research studies.

Opportunities for Improved Consistency or Areas Where Differences are Warranted:

1. While there is reasonable consensus on savings calculation methodologies and assumptions for small
commercial natural gas heating equipment, it may be appropriate to treat large commercial boilers as
custom measures. States currently using or considering a custom approach for small commercial gas
heating equipment might consider a prescriptive approach under a given size threshold.

2. Differing limits placed on eligible capacities throughout the region 